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(54) Ignition apparatus for internal combustion engine

(57) Inanignition apparatus (engine igniter) 1, when
a spark-discharge duration time Tc calculated on the ba-
sis of operation conditions of an internal combustion en-
gine has elapsed after generation of spark discharge by
an ignition coil 13, an electricity-supply resumption cir-
cuit 51 is operated in order to resume supply of primary
current i1 to a primary winding L1, to thereby interrupt
the spark discharge. Further, a signal processing control
circuit 23 performs electricity-supply-start timing delay
control processing in order to delay the timing of sup-
plying electricity to the primary winding L1 in accordance
power source voltage, to thereby maintain the magnetic
flux energy accumulated in the ignition coil 13 at a sub-
stantially constant level. With this apparatus, it is possi-
ble to prevent supply to the capacitor 87 of charge in an
amount in excess of an allowable amount, which supply
would otherwise been effected at the time of interruption
of spark discharge.
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Description

[0001] The presentinvention relates to an ignition ap-
paratus for an internal combustion engine in which a
spark plug receives high voltage for ignition generated
from a secondary winding of an ignition coil upon inter-
mittent supply of primary current to a primary winding
thereof, such that the spark plug produces spark dis-
charge in order to burn a fuel-air mixture.

[0002] Spark energy which an internal combustion
engine requires for proper burning of a fuel-air mixture
has been known to change depending not only on the
type of internal combustion engine, but also on opera-
tion conditions such as engine speed and engine load.
Spark energy can be represented by the product of the
magnitude of discharge current flowing as a result of
spark discharge and the duration of the spark discharge.
[0003] For example, during low-speed, light-load op-
eration such as idling operation, an amount of fuel-air
mixture charged into a combustion chamber is small,
and the speed of turbulent flow (swirl flow or tumble flow)
of the fuel-air mixture is low, and consequently combus-
tion of the fuel-air mixture proceeds very slowly. Accord-
ingly, in order to attain stable combustion during low-
speed, light-load operation, spark energy must be in-
creased to thereby promote combustion of the fuel-air
mixture. Meanwhile, during high-speed, heavy-load op-
eration, the density of the fuel-air mixture charged into
the combustion chamber increases, and the speed of
turbulent flow of the fuel-air mixture is high, so that fuel
is agitated uniformly. Therefore, sufficient combustion
can be attained by means of relatively low spark energy.
[0004] In addition, the necessary spark energy varies
depending on the air-fuel ratio of fuel-air mixture. For
example, when an internal combustion engine is oper-
ated with a lean fuel-air mixture having an air-fuel ratio
of 20 or more as in the case of a lean burn engine, the
density of fuel is low, and consequently the fuel-air mix-
ture has low ignitability. Therefore, spark energy must
be increased.

[0005] Inview of the foregoing, a conventional ignition
apparatus for an internal combustion engine is designed
such that insufficiency of spark energy does not arise;
i.e., the ignition apparatus can supply the maximum
spark energy required under various operation condi-
tions of the internal combustion engine.

[0006] However, the above-described conventional
ignition apparatus has the following drawbacks. In a
state in which an internal combustion engine can be op-
erated by spark energy lower than the maximum spark
energy (e.g., during highspeed, heavy-load operation),
supply of spark energy becomes excessive, and the ex-
cessive spark energy does not improve the ignitability
but accelerates consumption of electrodes of spark
plugs. In addition, when the internal combustion engine
is operated at higher speed or under heavier load, or at
high air-fuel ratio, the speed of turbulent flow of fuel-air
mixture increases, and thus, a so-called multiple dis-
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charge phenomenon occurs easily. That is, in such a
state, spark is caused to flow toward the downstream
side during a second half of spark discharge in which
spark energy decreases, the spark discharge is then in-
terrupted, and another spark discharge is generated
again. In this manner, multiple discharge occurs. When
such a phenomenon occurs, spark concentrates at a
downstream point, and electrode temperature increas-
es sharply, thereby accelerating sputtering or melting of
electrodes of the spark plug, and only downstream por-
tions of the electrodes are consumed; i.e., so-called lo-
cal consumption occurs, resulting in shortened service
life of the spark plug.

[0007] Meanwhile, in recent years, a so-called full-
transistor igniter has been widely used for an internal
combustion engine. In the full-transistor igniter, a sem-
iconductor device such as a power transistor is used as
a switching element for intermittently supplying electric-
ity to a primary winding of an ignition coil in order to apply
high voltage for ignition to a spark plug. In such a full-
transistor igniter, since the duration of supply of electric-
ity to the primary winding before spark discharge (igni-
tion timing) is controlled (i.e., the drive duration of the
switching element is controlled) in accordance with op-
eration conditions of the internal combustion engine, the
amount of magnetic flux energy which is accumulated
in the ignition coil to be used as spark discharge can be
controlled to a level required for combustion of fuel-air
mixture.

[0008] However, when the duration of supply of elec-
tricity to the primary winding before spark discharge is
shortened, the amount of magnetic flux energy which is
accumulated in the ignition coil decreases, and conse-
quently the high voltage for ignition generated at the
secondary winding through intermittent supply of prima-
ry current decreases accordingly. As aresult, in the case
of the electricity-supply duration being controlled in the
above-described manner, when the internal combustion
engine is operated under conditions, such as high-
speed, heavy-load conditions, in which high voltage is
required for generation of spark discharge although only
a relatively small amount of spark energy is required,
the high voltage for ignition generated at the secondary
winding decreases and misfire may occur.

[0009] Inview of the foregoing, as shown in Japanese
Patent Application Laid-Open (kokai) No. 11-41717, the
present inventors have invented an ignition apparatus
for an internal combustion engine which, instead of con-
trolling the duration of supply of electricity to the primary
winding of an ignition coil before spark discharge,
resumes supply of electricity to the primary winding dur-
ing spark discharge by use of spark-discharge interrup-
tion switching means, to thereby stop spark discharge.
When this ignition apparatus for an internal combustion
engine is used, it becomes possible to interrupt spark
discharge after elapse of a spark discharge duration
suitable for operation conditions of the internal combus-
tion engine, while maintaining high voltage for ignition
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generated at the secondary winding through intermittent
supply of electricity to the primary winding, whereby the
amount of spark energy can be controlled to a proper
level.

[0010] If the primary current flows continuously after
supply of the primary current is resumed for the purpose
of interrupting spark discharge, the amount of heat gen-
erated by the spark-discharge interruption switching
means increases, and power is consumed uselessly.
Therefore, the supply of electricity is desirably stopped
at a proper timing. However, if the primary current flow-
ing after resumption of electricity supply is stopped
abruptly, spark discharge is generated again, thereby
impairing operation of the internal combustion engine.
[0011] In view of the foregoing, in the ignition appara-
tus disclosed in Japanese Patent Application Laid-Open
No. 11-41717, a capacitive element such as a capacitor
is connected in series to the spark-discharge interrup-
tion switching means as current adjustment means for
decreasing the primary current before stoppage of the
primary current flowing through the primary winding af-
ter resumption of electricity supply. Thus, unnecessary
generation of spark discharge and useless consumption
of power can be suppressed.

[0012] In general, in an ignition apparatus for an in-
ternal combustion engine, a power source voltage out-
put from a power source unit varies at the time of startup
of the internal combustion engine or due to improper op-
eration of a generator, resulting in variations in the
amount of magnetic-flux energy accumulated in the ig-
nition coil. That is, when the power source voltage out-
put from the power source unit of the internal combus-
tion engine exceeds the rated value, a larger current
flows through the primary winding than in an ordinary
state, with the result that an excessive amount of mag-
netic-flux energy is accumulated in the ignition coil.
[0013] Therefore, in the ignition apparatus disclosed
in Japanese Patent Application Laid-Open No.
11-41717, if an excessive amount of magnetic-flux en-
ergy is accumulated in the ignition coil, an excessive
amount of magnetic-flux energy remains in the ignition
coil when spark discharge is interrupted, and an exces-
sively large current flows through the spark-discharge
interruption switching means; consequently, the load
imposed on the spark-discharge interruption switching
means increases, and thus the durability of the spark-
discharge interruption switching means is lowered. In
addition, an excessive amount of electric charge is ac-
cumulated within the capacitor serving as a current ad-
justment means, and in the worst case, the capacitor
may be broken. If the current adjustment means breaks,
the flow of primary current caused by resumption of
electricity supply is interrupted abruptly, so that spark
discharge is generated a plurality of times during a sin-
gle combustion stroke of the internal combustion en-
gine, resulting in accelerated consumption of electrodes
of spark plugs. In addition, the reliability of the ignition
apparatus may be impaired due to the lowered durability
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of the spark-discharge interruption switching means.
[0014] The presentinvention has been accomplished
in view of the above-described problems in the art, and
an object of the presentinvention is to provide an ignition
apparatus for an internal combustion engine which,
without controlling the duration of supply of electricity to
the primary winding of an ignition coil before spark dis-
charge, minimizes the amount of spark energy supplied
to a spark plug to thereby suppress useless consump-
tion of the spark plug and which can prevent breakage
of constituent components, which would otherwise oc-
cur due to variation in the amount of magnetic-flux en-
ergy accumulated in the ignition coil.

[0015] A first aspect of the invention provides an igni-
tion apparatus for an internal combustion engine com-
prising: a DC power source unit; an ignition coil having
a primary winding through which primary current flows
upon application to the primary winding of power source
voltage from the DC power source unit, and a secondary
winding which forms a closed loop in cooperation with
a spark plug attached to the internal combustion engine;
switching means connected in series to the primary
winding and adapted to interrupt and resume the prima-
ry current flowing through the primary winding; and ig-
nition control means for outputting an ignition command
signal for controlling an ignition timing, the ignition com-
mand signal causing the switching means to interrupt
and resume the primary current flowing through the pri-
mary winding in order to generate at the secondary
winding high voltage for ignition to thereby cause the
spark plug to generate spark discharge, wherein the ig-
nition apparatus further comprises: spark-discharge du-
ration time setting means for setting a spark-discharge
duration time on the basis of operation conditions of the
internal combustion engine, the spark-discharge dura-
tion time representing a period during which spark dis-
charge of the spark plug is to be maintained; spark-dis-
charge interruption control means for outputting a spark-
discharge interruption command signal for controlling
the spark-discharge duration time; a spark-discharge in-
terruption circuit for resuming, after generation of spark
discharge by the spark plug, supply of the primary cur-
rentto the primary winding in accordance with the spark-
discharge interruption command signal so as to interrupt
the spark discharge; and energy control means for
maintaining at a substantially constant level magnetic
flux energy which is accumulated in the ignition coil by
virtue of supply of electricity to the primary winding by
means of the ignition control means.

[0016] In the ignition apparatus for an internal com-
bustion engine according to the present invention hav-
ing the above-described configuration, the spark-dis-
charge duration time setting means sets, on the basis
of operation conditions of the internal combustion en-
gine, a spark-discharge duration time necessary for
burning a fuel-air mixture; and the spark-discharge in-
terruption control means controls the spark-discharge
interruption command signal in accordance with the
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spark-discharge duration time. The spark-discharge in-
terruption circuit is operated in accordance with the
spark-discharge interruption command signal in order
to resume supply of primary current to the primary wind-
ing to thereby interrupt spark discharge of the spark
plug.

[0017] That is, the ignition apparatus for an internal
combustion engine according to the present invention
interrupts spark discharge by resuming the supply of pri-
mary current to the primary winding and thus controls
spark energy supplied to the spark plug in accordance
with operation conditions of the internal combustion en-
gine. It is to be noted that when the supply of primary
current is resumed during spark discharge, the magnet-
ic flux energy which has been decreasing with consump-
tion of the electromotive force generated at the second-
ary winding is apt to increase, with the result that the
ignition coil generates an electromotive force in a direc-
tion to maintain the state of the magnetic flux energy
decreasing (i.e., voltage having a polarity opposite that
in effect at the time of spark discharge). Thus, spark dis-
charge is interrupted.

[0018] In the ignition apparatus for an internal com-
bustion engine according to the present invention, the
period for supplying electricity to the primary winding be-
fore spark discharge is set long in order to accumulate
sufficient magnetic flux energy in the ignition coil. There-
fore, at the secondary winding there can be generated
high voltage for ignition which has a magnitude sufficient
for generating spark discharge reliably under any oper-
ation condition of the internal combustion engine. In ad-
dition, since the spark-discharge duration time is con-
trolled in accordance with operation conditions of the in-
ternal combustion engine, supply of excessive spark en-
ergy to the spark plug can be prevented.

[0019] When the internal combustion engine is oper-
ated under conditions, such as high-speed, heavy-load
conditions, in which only a relatively small amount of
spark energy is required, the spark-discharge duration
time is shortened in order to cause the spark plug to re-
liably generate spark discharge through application of
high voltage for ignition thereto, while suppressing ex-
cessive supply of spark energy to the spark plug to
thereby suppress generation of multiple discharge. In
contrast, when the internal combustion engine is oper-
ated under conditions, such as low-speed, light-load
conditions, in which ignition of fuel-air mixture is difficult,
the spark-discharge duration time is increased in order
to reliably burn the fuel-air mixture. That is, since the
spark-discharge duration time is controlled optimally on
the basis of operation conditions of the internal combus-
tion engine, generation of multiple discharge and con-
sumption of the electrodes of the spark plug are sup-
pressed to thereby extend the service life of the spark
plug. In addition, occurrence of misfire can be sup-
pressed.

[0020] In the ignition apparatus for an internal com-
bustion engine according to the present invention, when
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spark discharge of the spark plug is to be interrupted,
the spark-discharge interruption circuit is operated in ac-
cordance with the spark-discharge interruption com-
mand signal for controlling the spark-discharge duration
time. As described in a second aspect of the invention,
the spark-discharge interruption circuit may include an
electricity-supply resumption circuit connected in paral-
lel to the switching means adapted to interrupt and
resume the primary current flowing through the primary
winding. The electricity-supply resumption circuit in-
cludes spark-discharge interruption switching means for
resuming supply of the primary current to the primary
winding in accordance with the spark-discharge inter-
ruption command signal; and current adjustment means
connected in series to the spark-discharge interruption
switching means and adapted to reduce the primary cur-
rent flowing through the primary winding, after the re-
sumption of supply of the primary current to the primary
winding, so as to prevent the spark plug from generating
spark discharge.

[0021] As described above, when spark discharge of
the spark plug is to be interrupted, the spark-discharge
interruption switching means of the electricity-supply re-
sumption circuit is driven in accordance with the spark-
discharge interruption command signal, to thereby
resume the supply of electricity to the primary winding.
The primary current which flows through the primary
winding upon resumption of electricity supply is not in-
terrupted instantaneously, but is decreased gradually by
the current adjustment means of the electricity-supply
resumption circuit such that the spark plug does not gen-
erate spark discharge. That is, after the supply of elec-
tricity to the primary winding is resumed so as to inter-
rupt spark discharge of the spark plug, the current ad-
justment means gradually reduces the primary current
which flows upon resumption of electricity supply, to
thereby prevent generation of high voltage at the sec-
ondary winding when the resumed electricity supply is
stopped.

[0022] Notably, instead of use of the above-described
electricity-supply resumption circuit, the spark-dis-
charge interruption circuit may be configured such that
a switching element such as a thyristor or a mechanical
relay is connected to the opposite ends of the primary
winding in parallel thereto, and the opposite ends of the
primary winding are short-circuited by means of the
switching element.

[0023] Further, in the ignition apparatus for an internal
combustion engine according to the present invention,
the energy control means maintains at a substantially
constant level the magnetic flux energy which is accu-
mulated in the ignition coil by virtue of supply of electric-
ity to the primary winding by means of the ignition control
means. Therefore, even when the magnetic flux energy
accumulated in the ignition coil changes, mainly due to
variation in the power source voltage, the magnetic flux
energy accumulated in the ignition coil is controlled at a
substantially constant level by the energy control



7 EP 1 201 920 A2 8

means. As a result, the constituent elements, such as
spark-discharge interruption switching means, of the
spark-discharge interruption circuit are not broken, and
their durability is not deteriorated, which breakage or du-
rability deterioration would otherwise occur due to ac-
cumulation of excess magnetic flux energy in the ignition
coil at the time of spark discharge being interrupted.
Therefore, the reliability of the ignition apparatus can be
enhanced.

[0024] Therefore, in the ignition apparatus for an in-
ternal combustion engine according to the first aspect
of the presentinvention, since the spark energy supplied
to the spark plug is controlled through interruption of
spark discharge performed on the basis of operation
conditions of the internal combustion engine, useless
consumption of the electrodes of the spark plug can be
suppressed. In addition, since excessive magnetic flux
energy is not accumulated in the ignition coil at the time
of electricity being supplied to the primary winding by
means of the ignition control means, problems such as
breakage of a constituent element of the spark-dis-
charge interruption circuit for interrupting spark dis-
charge can be prevented. Through combined use of the
energy control means and the spark-discharge interrup-
tion circuit, which operates in accordance with the
spark-discharge interruption command signal, influence
of variation in the magnetic flux energy accumulated in
the ignition coil is suppressed in order to enable more
reliable performance of the operation of interrupting
spark discharge of the spark plug on the basis of oper-
ation conditions of the internal combustion engine, to
thereby improve the reliability of the ignition apparatus.
[0025] In the ignition apparatus for an internal com-
bustion engine according to a third aspect of the present
invention, the energy control means for maintaining the
magnetic flux energy accumulated in the ignition coil at
a substantially constant level may include electricity-
supply-start timing delay means for detecting power
source voltage output from the DC power source unit,
for setting, on the basis of the power source voltage, an
electricity-supply-start delay time representing a time by
which start of supply of electricity to the primary winding
is to be delayed, and for delaying by the electricity-sup-
ply-start delay time the timing at which the ignition con-
trol means starts supply of electricity to the primary
winding. That is, in the ignition apparatus for an internal
combustion engine according to the present invention,
the energy control means is configured such that the
supply of electricity to the primary winding is not simply
started in response to an ignition command signal which
is output in accordance with operation conditions of the
internal combustion engine, but the timing for starting
supply of electricity to the primary winding before spark
discharge is delayed in accordance with the power
source voltage output from the DC power source unit.
[0026] Such electricity-supply-start timing delay
means may be realized by means of a circuit configura-
tion which can maintain the switching means in an OFF
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state irrespective of control of the ignition command sig-
nal by the ignition control means; e.g., a circuit config-
uration which can change or maintain the ignition com-
mand signal input to the switching means in a state
which brings the switching means into an OFF state. Un-
til the electricity-supply-start delay time has elapsed af-
ter an ignition command signal is output from the ignition
control means in order to bring the switching means into
an ON state, the electricity-supply-start timing delay
means forcedly changes the state of the ignition com-
mand signal such that the switching means comes into
an OFF state. Thus, the ignition command signal whose
state has been changed by the electricity-supply-start
timing delay means is input to the switching means, and
consequently the ignition control means becomes una-
ble to control the switching means. As result, supply of
electricity to the primary winding is not started at the
electricity-supply-start timing instructed by the ignition
control means.

[0027] When the electricity-supply-start timing delay
means stops the forced control of the ignition command
signal input to the switching means after elapse of the
electricity-supply-start delay time, the ignition control
means becomes able to control the switching means,
and thus, the switching means comes into an ON state
by virtue of control by the ignition control means. As a
result, supply of electricity to the primary winding is start-
ed. The above-described operation enables delay of the
timing of starting the supply of electricity until the elec-
tricity-supply-start delay time elapses from the electric-
ity-supply-start timing determined by the ignition control
means.

[0028] Since the electricity-supply-start timing delay
means sets the electricity-supply-start delay time in ac-
cordance with the power source voltage, even when the
power source voltage varies, the magnetic flux energy
accumulated in the ignition coil can be maintained at a
substantially constant level.

[0029] Notably, the electricity-supply-start delay time
is preferably set such that the electricity-supply-start de-
lay time increases with the power source voltage. Nota-
bly, the electricity-supply-start timing delay means con-
trols only timing for starting supply of electricity to the
primary winding and does not change the timing of in-
terrupting the primary current (i.e., ignition timing), and
the ignition timing is determined by the ignition control
means. Therefore, provision of the electricity-supply-
start timing delay means exerts no influence on the ig-
nition timing.

[0030] Incidentally, the ignition control means is typi-
cally realized by means of the internal processing of a
main controller (ECU), which is constituted by a micro-
computer mainly consisting of a CPU, RAM, ROM, and
an input/output section. A recent main controller provid-
ed on an internal combustion engine controls not only
ignition but also many other items, such as fuel injection
amount, air-fuel ratio, and fuel injection timing, on the
basis of signals input from sensors (e.g., crank angle
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sensor) provided at different portions of the internal
combustion engine. Therefore, the load imposed on the
internal processing of the main controller has increased
considerably.

[0031] Therefore, when the main controller performs,
in addition to various existing control processes, a series
of processes for interrupting spark discharge and a
process for delaying the timing of starting supply of elec-
tricity to the primary winding, the processing load may
increase, with the result that the main controller be-
comes unable to perform the various control processes
properly.

[0032] In particular, in the case of an internal combus-
tion engine having a large number of cylinders, since
the number of control processes to be performed indi-
vidually for each cylinder increases, the processing load
increases further.

[0033] When the above-described ignition apparatus
of the third aspect of the invention is used for an internal
combustion engine having a plurality of cylinders, as de-
fined in a fourth aspect of the present invention, the ig-
nition coil, the switching means, and the spark-dis-
charge interruption circuit are provided for each of spark
plugs attached to the respective cylinders. The ignition
control means comprises a main controller including the
spark-discharge duration time setting means; and a sig-
nal processing unit including the electricity-supply-start
timing delay means and the spark-discharge interrup-
tion control means. The main controller sets an ignition
timing and a spark-discharge duration time for each cyl-
inder on the basis of operation conditions of the internal
combustion engine, and generates a reference ignition
command signal corresponding to the ignition timing.
The signal processing unit receives the reference igni-
tion command signal output from the main controller and
outputs to the switching means an ignition command
signal which is delayed from the reference ignition com-
mand signal by the electricity-supply-start delay time,
and generates, on the basis of the spark-discharge du-
ration time set by the main controller, a spark-discharge
interruption command signal to be output to the spark-
discharge interruption circuit.

[0034] That is, the processing for generating the ref-
erence ignition command signal on the basis of opera-
tion conditions of the internal combustion engine is per-
formed in the main controller; and the processing for
controlling the ignition command signal which is output
to the switching means on the basis of the reference ig-
nition command signal is performed in the signal
processing unit. Thus, the processing necessary for
generation of spark discharge is effected in order to gen-
erate spark discharge.

[0035] Further, the processing for setting the spark-
discharge duration time is performed in the main con-
troller; and the processing for controlling the spark-dis-
charge interruption circuit is performed in the signal
processing unit. Thus, the processing for interrupting
spark discharge is performed in order to control energy
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supplied to the spark plug.

[0036] Since the processing for generating spark dis-
charge and the processing for interrupting spark dis-
charge are executed while being distributed between
the main controller and the signal processing unit, an
increase in the processing load of the main controller is
suppressed.

[0037] Moreover, the processing for delaying the tim-
ing of starting the supply of electricity to the primary
winding in accordance with variation of the power
source voltage is performed in the signal processing unit
in order to maintain at a substantially constant level the
magnetic flux energy accumulated in the ignition coil.
This protects the constituent elements of the spark-dis-
charge interruption circuit, while suppressing an in-
crease in the processing load of the main controller.
[0038] Therefore, in the fourth aspect of the present
invention, since the processing for generating spark dis-
charge and the processing for interrupting spark dis-
charge are executed while being distributed between
the main controller and the signal processing unit, an
increase in the processing load of the main controller is
suppressed, and various types of control processing
can be executed properly in the main controller.

[0039] Notably, in order to delay the timing of starting
the supply of primary current, the signal processing unit
may include a signal path for outputting the reference
ignition command signal directly to the switching means
as an ignition command signal; and signal interruption
means for breaking or disconnecting, if necessary, the
signal path for outputting the reference ignition com-
mand signal directly to the switching means. That is,
when the signal path is broken or disconnected by
means of the signal interruption means, the ignition
command signal is not output in accordance with the ref-
erence ignition command signal. The signal path is con-
nected again upon elapse of the electricity-supply-start
delay time from the time at which the supply of electricity
is instructed by the reference ignition command signal.
Thus, the timing of starting the supply of electricity to
the primary winding can be delayed.

[0040] If such a signal processing unit is employed,
even when the signal processing unit does not operate
properly due to a certain cause, the signal path is main-
tained in a connected state; consequently, the switching
means can be controlled directly in accordance with the
reference ignition command signal from the main con-
troller. Therefore, at least generation of spark discharge
can be effected in order to continue the operation of the
internal combustion engine.

[0041] When processing is executed while being dis-
tributed between the main controller and the signal
processing unit, wire lines (signal paths) for sending the
reference ignition command signal and the spark-dis-
charge duration time from the main controller to the sig-
nal processing unit must be provided. However, in order
to increase the packaging efficiencies of the main con-
troller and the signal processing unit, the number of in-
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put terminals or output terminals is desirably decreased
in order to reduce occupation areas.

[0042] In view of the foregoing, a configuration as de-
scribed in a fifth aspect of the invention is preferably em-
ployed in order to communicate to the signal processing
unit the spark-discharge duration time set by the main
controller. That is, in order to communicate to the signal
processing unit the spark-discharge duration time set by
the spark-discharge duration time setting means, while
maintaining the form of a portion of the reference ignition
command signal used to communicate an ignition tim-
ing, the main controller changes the form of another por-
tion of the reference ignition command signal in order to
include information representing the spark-discharge
duration time; and the signal processing unit reads the
spark-discharge duration time from the reference igni-
tion command signal output from the main controller and
generates the spark-discharge interruption command
signal on the basis of the spark-discharge duration time.
[0043] That s, only a signal path for sending a refer-
ence ignition command signal is provided between the
main controller and the signal processing unit; and the
form of the reference ignition command signal is
changed in order to include information representing the
spark-discharge duration time, to thereby communicate
from the main controller to the signal processing unit the
spark-discharge duration time, as well as the ignition
timing. Since the form of the portion of the reference ig-
nition command signal used for communicating an igni-
tion timing is maintained, even when the form of refer-
ence ignition command signal is changed in order to
communicate the spark-discharge duration time, an er-
roneous ignition timing is not communicated to the sig-
nal processing unit.

[0044] Since provision of a wiring line for communi-
cating the spark-discharge duration time between the
main controller and the signal processing unit is not re-
quired, the number of input or output terminals can be
reduced in order to simplify the structure of the ignition
apparatus.

[0045] Inthe case in which the reference ignition com-
mand signal is output as a pulse signal which represents
an ignition timing and a primary-current supply period
before spark discharge, the form of the reference igni-
tion command signal is preferably changed in such a
manner that the pulse width of the pulse signal is
changed so as to communicate the spark-discharge du-
ration time. That is, the spark-discharge duration time is
communicated from the main controller to the signal
processing unit by use of a notification reference ignition
command signal having a pulse width different from that
of the ordinary reference ignition command signal.
[0046] A rule for defining the relationship between the
spark-discharge duration time and the number of con-
tinuously-output notification reference ignition com-
mand signals or the relationship between the spark-dis-
charge duration time and the pulse width of a notification
reference ignition command signal is determined in ad-
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vance; and the main controller communicates the spark-
discharge duration time to the signal processing unit by
use of the notification reference ignition command sig-
nal(s) and in accordance with the rule.

[0047] In the signal processing unit, the spark-dis-
charge interruption control means detects the spark-dis-
charge duration time from the number of continuously-
output notification reference ignition command signals
or the pulse width of the notification reference ignition
command signal. Subsequently, the spark-discharge in-
terruption control means interrupts spark discharge
when the spark-discharge duration time has elapsed af-
ter generation of spark discharge.

[0048] Therefore, the ignition apparatus for an inter-
nal combustion engine according to the fifth aspect of
the present invention eliminates the necessity of provid-
ing a wiring line between the main controller and the sig-
nal processing unit in order to communicate the spark-
discharge duration time only. Thus, the structure of the
ignition apparatus can be simplified, and packaging ef-
ficiency can be improved.

[0049] Since the pulse width of the notification refer-
ence ignition command signal corresponds to the pri-
mary-current supply period before spark discharge,
generation of spark discharge may become difficult if the
pulse width of the notification reference ignition com-
mand signal is excessively narrow. Therefore, the pulse
width of the notification reference ignition command sig-
nal is preferably set wider than the narrowest pulse
width necessary for generation of spark discharge.
[0050] Incidentally, in the case of an internal combus-
tion engine having a plurality of cylinders, pistons ac-
commodated in the respective cylinders are connected
to a common crank shaft and cause reciprocating mo-
tion, and therefore, the sequence of spark-discharge
generation timings (i.e., ignition timings) of the respec-
tive cylinders is constant. Since the sequence of ignition
timings of the plurality of cylinders is fixed, the internal
combustion engine can be operated when the spark
plugs provided for the respective cylinders are caused
to generate spark discharge in a predetermined se-
quence, one spark plug at a time, every time a signal
representing the ignition timings of all the cylinders is
output after detection of the ignition timing of a certain
cylinder.

[0051] In view of the above, as described in a sixth
aspect of the invention, the signal processing unit of the
ignition apparatus provided for an internal combustion
engine having a plurality of cylinders preferably com-
prises: signal processing control means for executing at
least the processing of the spark-discharge interruption
control means and the processing of the electricity-sup-
ply-start timing delay means; a first signal path for sup-
plying to the signal processing control means at least
one of the reference ignition command signals for the
respective cylinders output from the main controller; and
a second signal path for supplying to the signal process-
ing control means a synthesized ignition command sig-
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nal obtained through synthesis of all the reference igni-
tion command signals output from the main controller,
wherein the signal processing control means uses, as
a reference, a time at which the reference ignition com-
mand signal is input from the first signal path, and out-
puts ignition command signals for the respective cylin-
ders in a predetermined sequence such that one ignition
command signal is output every time the synthesized
ignition command signal is input from the second signal
path.

[0052] Thatis, the signal processing control means of
the signal processing unit receives, via the first signal
path, a reference ignition command signal used for iden-
tifying the ignition timing of a certain cylinder, and re-
ceives, via the second signal path, a synthesized igni-
tion command signal which represents the ignition tim-
ings of all the cylinders.

[0053] Therefore, the signal processing control
means can use, as a reference, the reference ignition
command signal for the predetermined single cylinder,
and output ignition command signals for the respective
cylinders in a predetermined sequence such that one
ignition command signal is output every time the syn-
thesized ignition command signal is input. Thus, spark
discharge can be generated at a proper timing in each
cylinder to thereby operate the internal combustion en-
gine.

[0054] Since inputting all the reference ignition com-
mand signals to the signal processing unit becomes un-
necessary, in the case of an internal combustion engine
having three or more cylinders, ignition command sig-
nals for the respective cylinders can be output at proper
timings even when the number of input terminals of the
signal processing control means; i.e., the number of in-
put terminals for inputting the reference ignition com-
mand signals, is less than the number of the cylinders
of the internal combustion engine.

[0055] Therefore, the ignition apparatus for an inter-
nal combustion engine according to the sixth aspect of
the present invention can reduce the number of input
terminals of the signal processing control means provid-
ed in the signal processing unit, to thereby increase the
packaging density of the signal processing control
means.

[0056] Notably, the synthesized ignition command
signal is preferably obtained through logical addition
(OR) of all the reference ignition command signals such
that the synthesized ignition command signal enters an
ON state when at least one of the reference ignition
command signals enters an ON state.

[0057] Incidentally, the above-described ignition ap-
paratus for an internal combustion engine (any one of
the first through sixth aspects of the invention) achieves
the effect more remarkably when the ignition apparatus
is used for a gas engine using a gaseous fuel as de-
scribed in a seventh aspect of the invention.

[0058] That is, since gaseous fuel has a higher insu-
lating resistance than does liquid fuel (e.g., gasoline), in
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order to reliably ignite fuel in a gas engine, ignition volt-
age higher than that for gasoline engines must be gen-
erated in order to generate strong spark discharge. Ac-
cordingly, an ignition coil for a gas engine using a gas-
eous fuel must be designed such that the ignition coil
generates a maximum secondary voltage (high voltage
for ignition) higher than that for gasoline engines (e.g.,
whereas the maximum secondary voltage of an ignition
coil for a gasoline engine is 30 kV or higher, the maxi-
mum secondary voltage of an ignition coil for a gasoline
engine is 40 kV or higher).

[0059] Therefore, in the case of a gas engine, the
magnitude of current which is intermittently supplied to
the primary winding of an ignition coil is set relatively
high. Therefore, conceivably, a large amount of unnec-
essary spark energy may be supplied to the spark plug,
to thereby further shorten the service life of the spark
plug.

[0060] In the case of a gas engine, when the power
source voltage increases, the primary current flowing
through the primary winding increases further, and the
current flowing through a transistor serving as the
switching means increases further. In this case, the heat
generation of the transistor increases, and the transistor
may be broken. Therefore, when the above-described
ignition apparatus of the present invention is used for a
gas engine in order to maintain the magnetic flux energy
accumulated in the ignition coil at a substantially con-
stant level, excessive current does not flow through the
transistor over a long period of time, whereby excessive
heat generation of the transistor serving as the switching
means can be prevented.

[0061] In the case in which the ignition apparatus ac-
cording to any one the first through sixth aspects of the
invention is applied to a gas engine as described in the
seventh aspect of the invention, an effect of preventing
excessive heat generation of the switching means due
to variation in the magnetic flux energy accumulated in
the ignition coil can be obtained.

[0062] In some ignition apparatuses used for station-
ary gas engines, AC voltage (e.g., 100 or 200 V) sup-
plied from a commercial power source such as an elec-
tric power company is converted to DC voltage by use
of a transformer, a rectifier, a smoothing circuit, etc.; and
the thus-obtained DC voltage is used to generate cur-
rent to be supplied to the primary winding, to thereby
generate high voltage for ignition.

[0063] In the case of an ignition apparatus used for a
stationary gas engine which uses a commercial power
source, voltage applied to the primary winding of the ig-
nition coil is apt to change, with the possible result that
the switching means generates heat excessively and
breaks. That is, the demand for electric power supplied
from an electric power company changes seasonally,
and the magnitude of the AC voltage supplied from the
commercial power source changes due to variation in
the demand for power among seasons (e.g., between
summer and winter). Notably, the AC voltage supplied
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from the commercial power source changes within a
predetermined tolerance range.

[0064] Since the AC voltage supplied from the com-
mercial power source such as an electric power compa-
ny changes within the tolerance range, the magnitude
of DC voltage obtained from the AC voltage also chang-
es seasonally. Therefore, in the case of a stationary gas
engine, the power source voltage used for generating
current to be supplied to the primary winding changes
seasonally.

[0065] As described above, in the case of a gas en-
gine, since a period for supplying primary current is de-
termined in consideration of a case in which the ignita-
bility of fuel is at its poorest level, the period for supplying
primary current is determined on the basis of the mag-
nitude of DC voltage in a season in which the magnitude
of DC voltage becomes lowest (i.e., primary current be-
comes smallest). In this case, during seasons in which
the magnitude of DC voltage increases, the primary cur-
rent becomes excessive even when the primary-current
supply period is controlled properly, thereby increasing
the possibility of the switching means generating exces-
sive heat.

[0066] Accordingly, when the above-described igni-
tion apparatus is applied to a stationary gas engine, the
effects of the present invention can be achieved more
remarkably. That is, since the magnetic flux energy ac-
cumulated in the ignition coil is maintained at a substan-
tially constant level, it is possible to prevent excessive
current from flowing through a transistor for a long peri-
od, to thereby protect the switching means.

[0067] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings in which:-

FIG. 1 is a diagram showing the configuration of a
portion of an engine igniter according to a first em-
bodiment corresponding to the first cylinder;

FIG. 2is a circuit diagram showing the detailed con-
figuration of the main control transistor 15 and the
transistor 85;

FIG. 3 is a time chart showing the states of respec-
tive portions of the engine igniter according to the
first embodiment;

FIG. 4 is a schematic diagram showing the config-
uration of the engine igniter according to the first
embodiment;

FIG. 5 is a flowchart showing the details of electric-
ity-supply-start timing delay control processing;
FIG. 6 is a flowchart showing the details of spark-
discharge interruption control processing;

FIG. 7 is a diagram showing the configuration of the
signal processing unit 21 of an engine igniter ac-
cording to a second embodiment;

FIG. 8 is a schematic diagram showing the config-
uration of an engine igniter according to a third em-
bodiment;

FIG. 9 is a time chart showing the states of respec-
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tive portions of the engine igniter according to the
third embodiment;

FIG. 10 is a diagram showing the configuration of
the signal processing unit 21 of an engine igniter
according to a fourth embodiment;

FIG. 11 is a diagram schematically showing the con-
figuration of an engine igniter according to a fifth
embodiment;

FIG. 12 is a diagram showing the configuration of a
portion of the engine igniter according to the fifth
embodiment corresponding to the first cylinder;
FIG. 13 is a time chart showing the states of respec-
tive portions of the engine igniter according to the
fifth embodiment.

[0068] Reference numerals are used to identify items
shown in the drawings as follows:

1 engine igniter

11 DC power source unit

13  ignition coil

15 main control transistor

17  spark plug

21 signal processing unit

23  signal processing control circuit

25  first IG signal input circuit

27  spark-duration-signal input circuit
29 |G signal synthesis circuit

31 electronic control unit (ECU)

33  power-source-voltage detection circuit
51 electricity-supply resumption circuit

[0069] FIG. 1is a diagram schematically showing the
configuration of an ignition apparatus for an internal
combustion engine (hereinafter may be referred to as
an "engine igniter") according to one embodiment. The
engine igniter according to the present embodiment is
an engine igniter for a stationary gas engine which uses
gaseous fuel. This stationary gas engine has three cyl-
inders.

[0070] As shown in FIG. 1, the engine igniter 1 ac-
cording to the present embodimentincludes a DC power
source unit 11, which converts AC voltage from a com-
mercial power source to DC voltage (e.g., 12 V) for spark
discharge and outputs the DC voltage; an ignition coil
13, which has a primary winding L and a secondary
winding L2; a main control transistor 15, which is an npn-
type transistor connected in series to the primary wind-
ing L1; a spark plug 17, which forms a closed loop in
cooperation with the secondary winding L2 and gener-
ates spark discharge between a center electrode 17a
and a ground electrode 17b; an electricity-supply re-
sumption circuit 51, which resumes supply of primary
current to the primary winding L1 so as to interrupt spark
discharge generated by the spark plug 17; a signal
processing unit 21, which outputs an ignition command
signal to the main control transistor 15 in order to cause
the spark plug 17 to generate spark discharge and also
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outputs a spark-discharge interruption command signal
to the electricity-supply resumption circuit 51 in order to
interrupt spark discharge; an electronic control unit
(hereinafter referred to as an "ECU") 31 for controlling
an internal combustion engine, which outputs a refer-
ence ignition command signal and a spark duration sig-
nal to the signal processing unit 21 in accordance with
operation conditions of the internal combustion engine;
and a power-source-voltage detection circuit 33, which
detects power source voltage output from the DC power
source unit 11.

[0071] Ofthe above-described components, the main
control transistor 15 serves as a semiconductor switch-
ing element for intermittently supplying electricity to the
primary winding L1 of the ignition coil 13. The engine
igniter 1 of the present embodiment is of a full-transistor
type.

[0072] Although each cylinder is provided with the
above-described components of the engine igniter 1 of
the present embodiment, other than the DC power
source unit 11, the power-source-voltage detection cir-
cuit 33, the signal processing unit 21, and the ECU 31,
in order to facilitate understanding, FIG. 1 shows only
the structural components for the first cylinder.

[0073] The ECU 31 shown in FIG. 1 is provided in or-
der to control the spark-discharge generation timing (ig-
nition timing), fuel injection amount, engine speed, and
other parameters of the internal combustion engine on
the basis of operation conditions of the internal combus-
tion engine. The ECU 31 is constituted by a microcom-
puter, which mainly consists of a CPU, RAM, ROM, and
an input/output section. The ECU 31 outputs to the sig-
nal processing unit 21 a first reference ignition com-
mand signal IG1 for the first cylinder, a second reference
ignition command signal 1G2 for the second cylinder, a
third reference ignition command signal IG3 for the third
cylinder, and a spark duration signal Sc which repre-
sents a spark-discharge duration time common among
all the cylinders.

[0074] The signal processing unit 21 includes a signal
processing control circuit 23, which is constituted by a
microcomputer driven by power supplied from a con-
stant-voltage power source which outputs constant volt-
age (e.g., 5 V); afirst IG signal input circuit 25, a second
IG signal input circuit 125, and a third IG signal input
circuit 225, which form signal paths for respectively in-
putting the first through third reference ignition com-
mand signals IG1 - IG3 to the signal processing control
circuit 23; and a spark-duration-signal input circuit 27,
which forms a signal path for inputting the spark duration
signal Sc to the signal processing control circuit 23.
[0075] The signal processing control circuit 23 of the
signal processing unit 21 outputs a first ignition com-
mand signal Sa1 to the main control transistor 15 cor-
responding to the first cylinder, and also outputs second
and third ignition command signals Sa2 and Sa3 to re-
spective main control transistors corresponding to the
second and third cylinders. Further, the signal process-
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ing control circuit 23 outputs a first spark-discharge in-
terruption command signal Sb1 to the electricity-supply
resumption circuit 51 corresponding to the first cylinder,
and also outputs second and third spark-discharge in-
terruption command signals Sb2 and Sb3 to respective
electricity-supply resumption circuits corresponding to
the second and third cylinders.

[0076] The DC power source unit 11 includes a trans-
former, a rectifier, a smoothing circuit, and other com-
ponents. The DC power source unit 11 transforms an
AC voltage (e.g., AC 100 V) from a commercial power
source to a lower AC voltage, rectifies the lower AC volt-
age to obtain a rectified voltage, and smoothes the rec-
tified voltage to thereby obtain a DC voltage (e.g., 12 V).
[0077] The power-source-voltage detection circuit 33
is constructed by two resistors connected in series. A
divided voltage Vs, which is a fraction of the power
source voltage obtained by the resistors (i.e., Vs is the
electrical potential at the node between the two resis-
tors) is output to the signal processing unit 21 (specifi-
cally, to the signal processing control circuit 23). Nota-
bly, the resistances of the two resistors provided in the
power-source-voltage detection circuit 33 are deter-
mined such that the range of variation of the divided volt-
age Vs corresponding to the range of variation of the
power source voltage output from the DC power source
unit 11 falls within an allowable range of voltage input to
the input terminal of the signal processing control circuit
23. Thus, the divided voltage Vs varies between the low-
er limit and upper limit of the input range (e.g., 0 to 5 V)
of the signal processing control circuit 23 in accordance
with the value of the power source voltage.

[0078] Therefore, the signal processing control circuit
23 can detect the power source voltage by multiplying
the divided voltage Vs input thereto by the ratio of the
power source voltage to the divided voltage Vs, which
is determined by the respective resistances of the two
resistors provided in the power-source-voltage detec-
tion circuit 33.

[0079] In accordance with the power source voltage
detected on the basis of the divided voltage Vs, the sig-
nal processing control circuit 23 sets an electricity-sup-
ply-start delay time. When the electricity-supply-start
delay time elapses after the level of the first reference
ignition command signal IG1 has become high, the sig-
nal processing control circuit 23 changes the level of the
firstignition command signal Sa1 to high in order to drive
the main control transistor 15, to thereby start supply of
electricity to the primary winding L1.

[0080] The details of electricity-supply-start timing de-
lay control processing performed by the signal process-
ing control circuit 23 will be described later.

[0081] Next will be described the ignition coil 13, the
main control transistor 15, the spark plug 17, and the
electricity-supply resumption circuit 51, which are
shown in FIG. 1 and provided for the first cylinder.
[0082] One end of the primary winding L1 of the igni-
tion coil 13 is connected to the positive terminal of the
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DC power source unit 11, and the other end of the pri-
mary winding L1 is connected to the collector 15¢ of the
main control transistor 15. One end of the secondary
winding L2 is connected via a rectifying element D to the
one end of the primary winding L1, which is connected
to the positive terminal of the DC power source unit 11,
and the other end of the secondary winding L2 is con-
nected to the center electrode 17a of the spark plug 17.
Further, the ground electrode 17b of the spark plug 17
is connected to ground, which has the same potential
as that of the negative terminal of the DC power source
unit 11. The base 15b of the main control transistor 15
is connected to an output terminal of the signal process-
ing control circuit 23 from which the first ignition com-
mand signal Sa1 is output. The emitter 15e of the main
control transistor 15 is connected to ground, which has
the same potential as that of the negative terminal of the
DC power source unit 11.

[0083] When the firstignition command signal Sa1 in-
put to the base 15b of the main control transistor 15 is
at a low level (typically, the ground potential), no base
current flows in the main control transistor 15, and con-
sequently, the main control transistor 15 enters an OFF
state. In this case, primary current i1 does not flow
through the primary winding L via the main control tran-
sistor 15. When the first ignition command signal Sa1 is
at a high level (e.g., voltage (5 V) supplied from the con-
stant voltage power source), the main control transistor
15 enters an ON state. In this case, a path for supplying
electricity to the primary winding L of the ignition coil 13
is formed. That is, there is formed a path which starts
from the positive terminal of the DC power source unit
11, passes through the primary winding L1 of the ignition
coil 13 and the main control transistor 15, and reaches
the negative terminal of the DC power source unit 11.
Thus, primary current i1 flows through the primary wind-
ing L1.

[0084] Accordingly, when the level of the first ignition
command signal Sa1 becomes low in a state in which
primary current i1 is flowing through the primary winding
L 1 by virtue of the first ignition command signal Sa1
having been of high level, the main control transistor 15
turns off to thereby stop (interrupt) supply of the primary
current i1 to the primary winding L1. As a result, the
magnetic flux density of the ignition coil 13 changes
abruptly, and thus high voltage for ignition is generated
from the secondary winding L2. Upon application to the
spark plug 17 of the high voltage for ignition, spark dis-
charge is generated between the electrodes 17a and
17b of the spark plug 17.

[0085] The ignition coil 13 is configured such that
when primary current i1 is intermittently supplied to the
primary winding L via the main control transistor 15, high
voltage for ignition which is negative relative to the
ground potential is generated at the center electrode
17a of the spark plug 17. Upon generation of spark dis-
charge at the spark plug 17, secondary current i2 flows
from the center electrode 17a of the spark plug 17 to-
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ward the primary winding L1 side via the secondary
winding L2. Further, the rectifying element D, such as a
diode, is provided at the connection portion between the
secondary winding L2 and the primary winding L 1 in
order to permit flow of current from the secondary wind-
ing L2 toward the primary winding L and prevent flow of
current in the opposite direction. In the present embod-
iment, a diode serving as the rectifying element D is pro-
vided such that the anode of the diode is connected to
the secondary winding L2 and the cathode of the diode
is connected o the primary winding L1. The action of the
rectifying element D prevents current from flowing into
the secondary winding L2, which flow would otherwise
occur when the main control transistor 15 is turned on
(when supply of electricity to the primary winding L1 is
started).

[0086] The electricity-supply resumption circuit 51 in-
cludes an npn-type transistor 85. The emitter 85e of the
transistor 85 is grounded. The base 85b of the transistor
85 is connected to a terminal of the signal processing
control circuit 23 from which the first spark-discharge
interruption command signal Sb1 is output. The collec-
tor 85c of the transistor 85 is connected to one connec-
tion end (electrode) of a capacitor 87 and is grounded
via a diode 83. The anode of the diode 83 is grounded,
and the cathode of the diode 83 is connected to the col-
lector 85c of the transistor 85. A connection end (elec-
trode) of the capacitor 87 opposite the connection end
(electrode) connected to the transistor 85 is connected
via a resistor 91 to a node via which the collector 15¢ of
the main control transistor 15 is connected to the prima-
ry winding L1. Further, a diode 89 is connected in par-
allel to the resistor 91. The anode of the diode 89 is con-
nected to a line extending between the resistor 91 and
the primary winding L1, and the cathode of the diode 89
is connected to a line extending between the resistor 91
and the capacitor 87.

[0087] When the first spark-discharge interruption
command signal Sb1 output from the signal processing
control circuit 23 is at a low level, the transistor 85 in the
electricity-supply resumption circuit 51 enters an OFF
state, and consequently, the electricity-supply resump-
tion circuit 51 does not cause primary current i1 to flow
from the positive terminal of the DC power source unit
11 toward the primary winding L1.

[0088] When the first spark-discharge interruption
command signal Sb1 is at a high level, the transistor 85
in the electricity-supply resumption circuit 51 enters an
ON state, and consequently, the electricity-supply re-
sumption circuit 51 forms a path for supplying electricity
to the primary winding L1, which path starts from the
positive terminal of the DC power source unit 11, passes
through the primary winding L1 of the ignition coil 13,
and reaches the negative terminal of the DC power
source unit 11. Thus, primary current i1 flows through
the primary winding L1. At this time, the current flowing
from the primary winding L1 into the capacitor 87 flows
through the diode 89.
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[0089] As charge is accumulated in the capacitor 87
by virtue of the primary current i1 flowing through the
electricity supply path, the primary current i1 decreases
gradually. When a predetermined amount of charge has
been accumulated in the capacitor 87 at a certain time
constant determined by the inductance of the primary
winding L 1 and the capacitance of the capacitor 87, the
flow of current through the capacitor 87 stops, and thus,
the primary current i1 is interrupted.

[0090] However, in the case in which the capacitor 87
has been charged such that the electrode connected to
the primary winding L assumes a positive polarity and
a potential difference greater than the voltage of the DC
power source unit 11 is produced across the capacitor
87, even when the first spark-discharge interruption
command signal Sb1 is at a high level, no primary cur-
rent i1 flows. Therefore, the charge accumulated in the
capacitor 87 must be discharged in advance. In view of
this, in the present embodiment, when the first spark-
discharge interruption command signal Sb1 is at a low
level, the first ignition command signal Sa1 for genera-
tion of high voltage for ignition is brought into a high lev-
el; i.e., the main control transistor 15 is brought into an
ON state. Through this operation, the charge accumu-
lated in the capacitor 87 can be discharged.

[0091] That is, when the main control transistor 15 is
brought into an ON state, a closed loop is formed by the
main control transistor 15, the resistor 91, the capacitor
87, and the diode 83. Since current flows through the
closed loop due to the charge accumulated in the ca-
pacitor 87, the capacitor 87 is discharged. At this time,
the current discharged from the capacitor 87 flows not
through the diode 89 but through the resister 91. There-
fore, the current flowing through the closed loop de-
creases in amplitude, and thus the amount of current
flowing through the main control transistor 15 is sup-
pressed. This reduces the generation of heat by the
main control transistor 15 at the time of discharging the
charge accumulated in the capacitor 87.

[0092] Accordingly, when the level of the first spark-
discharge interruption command signal Sb1 is changed
from low to high in the state in which the capacitor 87
has been discharged and the spark plug 17 is generat-
ing spark discharge, the electricity-supply resumption
circuit 51 resumes supply of primary current i1 to the
primary winding L1 to thereby interrupt the spark dis-
charge of the spark plug 17. Subsequently, the electric-
ity-supply resumption circuit 51 causes the primary cur-
rent i1 to decrease gradually with time, and eventually
interrupts the primary current i1. Subsequently, when
the level of the first ignition command signal Sa1 is again
changed to high in order to generate high voltage for the
next ignition in the same cylinder, the charge accumu-
lated in the capacitor 87 is discharged in preparation for
subsequent spark discharge interruption.

[0093] The above-described main control transistor
15 and the transistor 85 must have a large current am-
plification factor in order to supply relatively large prima-
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ry current i1 in response to small current output from the
signal processing control circuit 23, which is constituted
by a microcomputer. Therefore, in actuality, each of the
main control transistor 15 and the transistor 85 is con-
figured by a circuit as shown by a circuit diagram of FIG.
2. That is, each of the main control transistor 15 and the
transistor 85 consists of three transistors; i.e., a first
transistor Tr1 of npn type, a second transistor Tr2 of pnp
type, and a third transistor Tr3 of npn type. In the follow-
ing description, the circuit configuration will be de de-
scribed while the main control transistor 15 is taken as
an example.

[0094] AsshowninFIG. 2, aresister R1 is connected
to the base of the first transistor Tr1. The base and emit-
ter of the first transistor Tr1 are mutually connected by
a resistor R2. The emitter of the first transistor Tr1 is
grounded. The collector of the first transistor Tr1 is con-
nected to the base of the second transistor Tr2 via a
resistor R3. An end of the resistor R1 opposite the end
connected to the base of the first transistor Tr1 corre-
sponds to the base terminal of the main control transis-
tor 15.

[0095] The base and emitter of the second transistor
Tr2 are mutually connected by a resistor R4. The emitter
of the second transistor Tr2 is connected to a power
source line LV, to which constant voltage is supplied.
The collector and emitter of the second transistor Tr2
are mutually connected by a diode D1. The collector of
the second transistor Tr2 is grounded via a resistor R5.
Notably, the anode of the diode D1 is connected to the
collector of the second transistor Tr2; and the cathode
of the diode D1 is connected to the emitter of the second
transistor Tr2.

[0096] The base of the third transistor Tr3 is connect-
ed to the collector of the second transistor Tr2 via a re-
sistor R6. The emitter of the third transistor Tr3 corre-
sponds to the emitter terminal 15e of the main control
transistor 15. The collector of the third transistor Tr3 cor-
responds to the collector terminal 15c of the main control
transistor 15.

[0097] When the level of a signal input to the base
terminal 15b is high, a potential difference is produced
between the base and emitter of the first transistor Tr1,
and thus base current flows, whereby the first transistor
Tr1 enters an ON state. When the first transistor Tr1 en-
ters an ON state, current flows from the power source
line LV to ground via the resistors R4 and R3. As aresult,
a potential difference is produced between the base and
emitter of the second transistor Tr2, and thus base cur-
rent flows, whereby the second transistor Tr2 enters an
ON state. When the second transistor Tr2 enters an ON
state, current flows from the power source line LV to the
base of the third transistor Tr3 via the second transistor
Tr2 and the resistor R6. Therefore, the third transistor
Tr3 enters an ON state.

[0098] When the level of the signal input to the base
terminal 15b is low, the first transistor Tr1 enters an OFF
state, and the second transistor Tr2 also enters an OFF
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state. Therefore, no current flows from the power source
line LV to the third transistor, and consequently, the third
transistor Tr3 also enters an OFF state.

[0099] Therefore, the circuit shown in FIG. 2 operates
as follows. When the signal input to the base terminal
15b is at a high level, electrical continuity is established
between the collector terminal 15¢ and the emitter ter-
minal 15e (i.e., the terminals 15¢ and 15e are short-
circuited). When the signal input to the base terminal
15b is at a low level, electrical continuity is not estab-
lished between the collector terminal 15¢ and the emitter
terminal 15¢ (i.e., the terminals 15c and 15e are isolated
from each other).

[0100] That s, the circuit shown in FIG. 2 operates in
the same manner as a single npn transistor. Further,
since three transistors are combined, the circuit has a
high current amplification factor. Therefore, the main
control transistor 15 - which has a circuit configuration
shown in FIG. 2 - can be driven by small current output
from the signal processing control circuit in order to sup-
ply primary current i1.

[0101] Further, the transistor 85 also has a circuit con-
figuration shown in FIG. 2. The base 85b corresponds
to the base 15b of the main control transistor 15; the
emitter 85e corresponds to the emitter 15e of the main
control transistor 15; and the collector 85c corresponds
to the collector 15c¢ of the main control transistor 15.
[0102] FIG. 4 shows a schematic configuration of the
engine igniter 1 according to the present embodiment
which includes primary-coil drive circuits, electricity-
supply resumption circuits, ignition coils, and spark
plugs for three cylinders. Notably, the first primary-coil
drive circuit 15 corresponds to the main control transis-
tor 15 shown in FIG. 1; the first ignition coil 13 corre-
sponds to the ignition coil 13 shown in FIG. 1; the first
spark plug 17 corresponds to the spark plug 17 shown
in FIG. 1; and the first electricity-supply resumption cir-
cuit 51 corresponds to the electricity-supply resumption
circuit 51 shown in FIG. 1.

[0103] As shown in FIG. 4, the first through third igni-
tion command signals Sa1 to Sa3 output from the signal
processing control circuit 23 are fed to the first primary-
coil drive circuit 15, the second primary-coil drive circuit
115, and the third primary-coil drive circuit 215, respec-
tively. Further, the first through third spark-discharge in-
terruption command signals Sb1 to Sb3 output from the
signal processing control circuit 23 are fed to the first
electricity-supply resumption circuit 51, the second elec-
tricity-supply resumption circuit 151, and the third elec-
tricity-supply resumption circuit 251, respectively.
[0104] The first primary-coil drive circuit 15 and the
first electricity-supply resumption circuit 51 provided for
the first cylinder are connected to the first ignition coil
13 and control intermittent supply of electricity to the pri-
mary winding L of the first ignition coil 13 to thereby
cause the first spark plug 17 to generate spark dis-
charge and to interrupt the spark discharge.

[0105] The second primary-coil drive circuit 115 and
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the second electricity-supply resumption circuit 151 pro-
vided for the second cylinder are connected to the sec-
ond ignition coil 113. The third primary-coil drive circuit
215 and the third electricity-supply resumption circuit
251 provided for the third cylinder are connected to the
third ignition coil 213. Further, the second spark plug 117
is connected to the second ignition coil 113; and the third
spark plug 217 is connected to the third ignition coil 213.
[0106] Notably, the second and third primary-coil
drive circuits 115 and 215 are configured in the same
manner as the main control transistor 15 shown in FIG.
1; the second and third ignition coils 113 and 213 are
configured in the same manner as the ignition coil 13
shown in FIG. 1; the second and third spark plugs 117
and 217 are configured in the same manner as the spark
plug 17 shown in FIG. 1; and the second and third elec-
tricity-supply resumption circuits 151 and 251 are con-
figured in the same manner as the electricity-supply re-
sumption circuit 51 shown in FIG. 1.

[0107] By virtue of the above-described configuration,
in the second and third cylinders as well, generation and
interruption of spark discharge at the second and third
spark plugs 117 and 217 are effected in the same man-
ner as in the case of the first cylinder. Thus, the engine
igniter 1 according to the present embodiment config-
ured in the above-described manner generates and in-
terrupts spark discharge in each of the three cylinders
to thereby operate the internal combustion engine.
[0108] FIG. 3 shows a time chart representing varia-
tions with time in the first reference ignition command
signal IG1, the first ignition command signal Sa1, poten-
tial Vp of the center electrode 17a of the spark plug 17,
the first spark-discharge interruption command signal
Sb1, primary current i1 flowing through the primary
winding L |, current i4 flowing through the main control
transistor 15, and current i3 flowing through the capac-
itor 87, all of which appear in the circuit diagram for the
first cylinder illustrated in FIG. 1.

[0109] The level of the first reference ignition com-
mand signal IG1 is switched from low to high at time t1
shown in FIG. 3. Subsequently, on the basis of the pow-
er source voltage detected by the power-source-voltage
detection circuit 33, the level of the first ignition com-
mand signal Sa1 is switched from low to high at time t2;
i.e., when an electricity-supply-start delay time Ts set by
the signal processing control circuit 23 has elapsed. As
a result, the main control transistor 15 enters an ON
state, and thus, primary current i1 starts to flow through
the primary winding L1 of the ignition coil 13. Subse-
quently, at time t3; i.e., when an electricity supply period
set with time t1 regarded as a start point has elapsed,
the level of the first ignition command signal Sa1 is
switched from high to low in response to a change in the
level of the first reference ignition command signal 1G1.
Consequently, supply of the primary currenti1 to the pri-
mary winding L1 of the ignition coil 13 is interrupted, and
thus, negative high voltage for ignition is applied to the
center electrode 17a of the spark plug 17. As a result,
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the potential Vp of the center electrode 17a decreases
abruptly, and thus, spark discharge is generated be-
tween the electrodes 17a and 17b of the spark plug 17.
[0110] Attime t2, at which the main control transistor
15 enters the ON state, a closed loop is formed by the
capacitor 87, the resistor 91, the main control transistor
15, and the diode 83 to thereby discharge the charge
that has been accumulated in the capacitor 87 due to
primary current re-supplied at the time of interruption of
spark discharge during a previous combustion cycle of
the cylinder. Therefore, current i4 flows from the capac-
itor 87 while passing through the resistor 91, the main
control transistor 15, and the diode 83, in this sequence.
Notably, in FIG. 3, the direction of current i3 flowing from
the resistor 91 toward the capacitor 87 is assumed to
be a positive direction. Therefore, the current i3 flowing
during the above-described discharge period is nega-
tive current.

[0111] Atthis time, both the primary current i1 flowing
through the primary winding L and the current i3 flow
into the collector of the main control transistor 15. There-
fore, the current i4 flowing through the main control tran-
sistor 15 assumes a waveform resulting from superpo-
sition of the current i3 on the primary current i1.

[0112] In order to suppress the heat generation of the
main control transistor 15, the magnitude of the current
i4 is desirably decreased through reduction of the mag-
nitude of the current i3. Therefore, the resistance of the
resistor 91 is preferably set so as to decrease the current
i3. However, the resistance of the resistor 91 is desirably
set such that the capacitor 87 can be discharged com-
pletely within a period in which the first ignition com-
mand signal Sa1 is ata high level (a period from t2 to t3).
[0113] Subsequently, the level of the first spark-dis-
charge interruption command signal Sb1 is changed
from low to high at time t4 shown in FIG. 3 at which the
spark discharge of the spark plug 17 continues. In re-
sponse thereto, the transistor 85 turns on, and thus,
there is formed a current path which starts from the pos-
itive terminal of the DC power source unit 11, passes
through the primary winding L1 of the ignition coil 13 and
the electricity-supply resumption circuit 51, and ends at
the negative terminal of the DC power source unit 11,
resulting in resumption of supply of the primary current
i1 to the primary winding L1. As a result, the spark dis-
charge of the spark plug 17 is interrupted. At this time,
the current path within the electricity-supply resumption
circuit 51 is formed by the diode 89, the capacitor 87,
and the transistor 85; as charge is accumulated in the
capacitor 87, the primary current i1 decreases gradual-
ly; and when the charging is completed after accumula-
tion of a predetermined amount of charge in the capac-
itor 87, the flow of the primary current i1 stops.

[0114] Since the charge accumulated in the capacitor
87 is discharged before time t3, at time t4, the capacitor
87 permits the primary current i1 to flow therethrough at
a level necessary to interrupt the spark discharge.
[0115] As described above, supply of the primary cur-

EP 1 201 920 A2

15

20

25

30

35

40

45

50

55

14

26

rent i1 is resumed in response to a change in the level
of the first spark-discharge interruption command signal
Sb1 during a period in which high voltage for ignition is
generated through interruption of the primary current i1,
which interruption is effected in response to a change
in the level of the first ignition command signal Sa1 (i.
e., during the period in which the spark plug 17 is gen-
erating spark discharge). Due to resumption of supply
of the primary current i1, the direction of change in mag-
netic flux within the ignition coil 13 is reversed, and con-
sequently, voltage of the reverse polarity is generated
atthe secondary winding L2. Upon generation of voltage
having a polarity which is opposite that during the spark
discharge, the above-described rectifying element D
prevents current from flowing to the spark plug 17. Thus,
the spark plug 17 becomes unable to generate spark
discharge.

[0116] As is understood from the above description,
as shown in FIG. 3, when the electricity-supply resump-
tion circuit 51 resumes supply of electricity to the primary
winding L1 in accordance with the first spark-discharge
interruption command signal Sb 1 during a period in
which spark discharge is produced between the elec-
trodes 17a and 17b by virtue of a sufficiently low poten-
tial Vp of the center electrode 17a of the spark plug 17,
the potential Vp of the center electrode 17a of the spark
plug 17 can be elevated in order to interrupt the spark
discharge.

[0117] In the engine igniter 1 of the present embodi-
ment, supply of electricity to the primary winding L1 is
started when an electricity-supply-start delay time set in
accordance with the power source voltage output from
the DC power source unit 11 has elapsed (time t2 in FIG.
3) after the time (time t1 in FIG. 3) at which supply of
electricity to the primary winding L1 is started and which
is set in accordance with the operation conditions of the
internal combustion engine. The electricity-supply-start
delay time is set in the signal processing control circuit
23. The details of the process which is performed in the
signal processing control circuit 23 in order to set the
electricity-supply-start delay time will be described later.
[0118] Next, ignition control processing performed in
the ECU 31 will be described.

[0119] As described above, the ECU 31 totally con-
trols the spark-discharge generation timing, fuel injec-
tion amount, idle engine speed, etc., of the internal com-
bustion engine. In addition to ignition control processing,
which will be described later, the ECU 31 performs op-
eration condition detection processing for detecting op-
eration conditions of various sections of the engine,
such as intake air amount (intake pipe pressure), engine
speed, throttle opening, coolant temperature, and intake
air temperature; and fuel control processing for supply-
ing fuel to the intake pipe at a fuel injection timing.
[0120] After startup of the internal combustion engine,
the ignition control processing is performed once during
each combustion cycle, including intake, compression,
combustion, and exhaust, of the internal combustion en-
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gine, on the basis of, for example, a signal from a crank-
angle sensor for detecting the rotational angle of the en-
gine (crank angle). The ignition control processing is
performed for each cylinder, and in the following de-
scription, the ignition control processing for the first cyl-
inder will be described.

[0121] When the ignition control processing is started
upon startup of the internal combustion engine, opera-
tion conditions of the internal combustion engine detect-
ed by the operation condition detection processing per-
formed separately are read. Subsequently, an ignition
timing suitable for the operation conditions of the inter-
nal combustion engine is set on the basis of the opera-
tion conditions that have been read and by use of a pre-
viously prepared map or calculation formula. Thus, the
ignition timing in the present combustion cycle is set.
Notably, the above-described map or calculation formu-
la for setting an ignition timing is preferably configured
such that an ignition timing suitable for the operation
conditions of the internal combustion engine is deter-
mined while the operation conditions of the internal com-
bustion engine such as engine speed and engine load
are used as parameters.

[0122] Subsequently, while using the set ignition tim-
ing as a reference point, the ignition control processing
changes the level of the first reference ignition com-
mand signal IG 1 to high at a time which is earlier than
the ignition timing by a predetermined period of time.
The predetermined period of time serves as a primary-
current supply period before generation of spark dis-
charge. In order to generate spark discharge which en-
ables reliable ignition of fuel even under operation con-
ditions under which fuel has poor ignitability; i.e., in or-
der to generate sufficiently high voltage for ignition, the
primary-current supply period is preset such that suffi-
ciently large magnetic flux energy is accumulated in the
ignition coil during that period. Thus, the spark dis-
charge duration time; i.e., a period of time from gener-
ation of spark discharge to natural termination of the
spark discharge, becomes sufficiently long. As a result,
even under operation conditions under which fuel has
poor ignitability, such as low-speed, light-load condi-
tions, the spark discharge can assist growth of a flame
kernel to thereby reliably burn a fuel-air mixture.
[0123] Notably, supply of electricity to the primary
winding L 1 is actually started when the electricity-sup-
ply-start delay time has elapsed (time t2 shown in FIG.
3) after the level of the first reference ignition command
signal IG1 had been changed to high. That is, when the
signal processing control circuit 23 changes the level of
the first ignition command signal Sa1 to high, the main
control transistor 15 enters an ON state to start supply
of electricity to the primary winding L1.

[0124] The ignition control processing changes the
level of the first reference ignition command signal IG 1
to low when the primary-current supply period has
elapsed after the level of the first reference ignition com-
mand signal IG1 had been changed to high. Simultane-
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ously with this, the signal processing control circuit 23
changes the level of the first ignition command signal
Sa1 to low in order to bring the main control transistor
15 into an OFF state. When the main control transistor
15 enters the OFF state, the primary current i1 is inter-
rupted abruptly, and thus, high voltage for ignition, which
is induced electromotive force, is generated at the sec-
ondary winding L2, whereby the spark plug 17 gener-
ates spark discharge.

[0125] As described above, the ignition control
processing sets an ignition timing in accordance with op-
eration conditions of the internal combustion engine,
and changes the level of the first reference ignition com-
mand signal IG1 to high at a time which is earlier than
the ignition timing by a predetermined primary-current
supply period. Subsequently, when the primary-current
supply period has elapsed; i.e., at the ignition timing set
in accordance with the operation conditions of the inter-
nal combustion engine, the ignition control processing
changes the level of the first reference ignition com-
mand signal IG1 to low in order to cause the spark plug
17 to generate spark discharge between the electrodes
thereof, to thereby burn fuel.

[0126] Next, the processing which is performed in the
ECU 31 in order to set a spark-discharge duration time
will be described. The spark-discharge duration time
setting processing is started simultaneously with the
startup of the internal combustion engine. In the engine
igniter of the present embodiment, the spark-discharge
duration time setting processing is not performed on a
cylinder-by-cylinder basis, but a spark-discharge dura-
tion time common among all the cylinders is set.
[0127] When started, the spark-discharge duration
time setting processing first judges whether the internal
combustion engine has been warmed up sufficiently.
When the warm-up is judged to be insufficient, the
spark-discharge duration time is set to 0 sec.

[0128] The judgment as to whether the warm-up is
sufficient is performed through, for example, judgment
as to whether the temperature of coolant or lubricant of
the internal combustion engine is in excess of a preset
value used for judgment of warm-up completion.
[0129] When the temperature of the internal combus-
tion engine has increased as a result of continued op-
eration of the internal combustion engine and the engine
has been judged to have warmed up sulfficiently, the op-
eration conditions (engine speed, engine load, etc.) of
the internal combustion engine detected by the opera-
tion condition detection processing performed separate-
ly are read. Subsequently, a spark-discharge duration
time Tc suitable for the operation conditions of the inter-
nal combustion engine is set on the basis of the opera-
tion conditions that have been read and by use of a pre-
viously prepared map or calculation formula. Notably,
the above-described map or calculation formula for set-
ting a spark-discharge duration time Tc is preferably de-
fined on the basis of, for example, several measurement
data sets, such that a spark-discharge duration time Tc
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suitable for the operation conditions of the internal com-
bustion engine is determined, while at least the engine
speed and the engine load are used as parameters.
[0130] Subsequently, the spark-discharge duration
time setting processing performs at constant intervals
the above-described series of processing for reading
the operation conditions of the internal combustion en-
gine and setting the spark-discharge duration time Tc by
use of a map or calculation formula. Further, every time
the spark-discharge duration time Tc is changed, the
spark-discharge duration time setting processing out-
puts a spark duration signal Sc to the signal processing
unit 21 in order to communicate the spark-discharge du-
ration time Tc thereto. For example, floating-point nu-
merical data representing the spark-discharge duration
time Tc is preferably used as the spark duration signal
Sc.

[0131] As described above, the spark-discharge du-
ration time setting processing performs processing for
setting a spark-discharge duration time Tc suitable for
the operation conditions of the internal combustion en-
gine, and for communicating the spark-discharge dura-
tion time Tc to the signal processing unit 21 by use of
the spark duration signal Sc.

[0132] Next, ignition signal control processing per-
formed by the signal processing control circuit 23 of the
signal processing unit 21 will be described. Notably, in
the following description, only the ignition signal control
processing for the first cylinder will be described; how-
ever, similar ignition signal control processing is per-
formed for the second and third cylinders.

[0133] When started upon startup of the internal com-
bustion engine, the ignition signal control processing
sets the level of the first ignition command signal Sa1 in
accordance with the level of the first reference ignition
command signal 1G1, which is input from the ECU 31
via the first IG signal input circuit 25.

[0134] That is, the ignition signal control processing
changes the level of the first ignition command signal
Sa1 in order to start and stop supply of electricity to the
primary winding L1 at a timing for starting supply of elec-
tricity to the primary winding L 1 and an ignition timing,
respectively, both timings being set by the ignition con-
trol processing of the ECU 31 in accordance with the
operation conditions of the internal combustion engine.
[0135] As described above, the level of the first igni-
tion command signal Sa1 is basically determined by the
ignition signal control processing. However, when the
first ignition command signal Sa1 is set to a low level by
means of electricity-supply-start timing delay control
processing, which will be described later, priority is given
to control by the electricity-supply-start timing delay
control processing, and thus, the first ignition command
signal Sa1 is maintained at the low level. Notably, this
also holds true for the second and third ignition com-
mand signals Sa2 and Sa3.

[0136] Next, the electricity-supply-start timing delay
control processing performed by the signal processing
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control circuit 23 will be described with reference to the
flowchart shown in FIG. 5. Upon startup of the internal
combustion engine, the electricity-supply-start timing
delay control processing is started for each cylinder. No-
tably, in the following description, the electricity-supply-
start timing delay control processing for the first cylinder
will be described.

[0137] When the electricity-supply-start timing delay
control processing is started, in step S 110, a counter
value N is set to zero to thereby reset the counter value
N. The counter value N is used for determining a timing
for detecting power source voltage.

[0138] Subsequently, in step S120, the electricity-
supply-start delay time Ts is set to an initial value, de-
sirably to a value suitable for the operation conditions
of the internal combustion engine immediately after the
startup thereof. Since the temperature of the internal
combustion engine is low immediately after the startup,
ignitability of fuel is poor. Therefore, the electricity-sup-
ply-start delay time Ts is preferably set to zero or a value
such that the primary-current supply period becomes
long.

[0139] In subsequent step S130, a judgment is made
as to whether the first reference ignition command sig-
nal IG1 output from the ECU 31 has risen (from low level
to high level). When the judgment result is YES,
processing proceeds to step S140. When the judgment
result is NO, the processing in step S130 is performed
repeatedly in order to wait until the level of the first ref-
erence ignition command signal IG1 changes. That is,
in step S130, a judgment is made as to whether the tim-
ing for supplying electricity to the primary winding L1 has
come, which is determined by the ignition control
processing performed in the ECU 31.

[0140] When the result of the judgment in step S130
is YES, processing proceeds to step S140. In step S140,
the firstignition command signal Sa1 is set to a low level
(time t1in FIG. 3). As a result, the first ignition command
signal Sa1 input to the base of the main control transistor
15 is maintained at a low level. That is, the main control
transistor 15 maintains the OFF state irrespective of the
command from the ECU 31.

[0141] Next, in step S150, there is started a timer for
measuring a period of time which has elapsed since the
level of the first reference ignition command signal IG1
has changed (after the result of the judgment in step
S130 has become YES).

[0142] In subsequent step S160, a judgment is made
as to whether the value of the timer started in step S150
is equal to or greater than the electricity-supply-start de-
lay time Ts. When the judgment result is YES, process-
ing proceeds to step S170. When the judgment result is
NO, the processing in step S160 is performed repeat-
edly in order to wait until the timer value becomes equal
to or greater than the electricity-supply-start delay time
Ts. That is, in step S160, a judgment is made as to
whether the electricity-supply-start delay time Ts has
elapsed after the level of the first reference ignition com-
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mand signal IG1 has changed (after the result of the
judgment in step S130 has become YES).

[0143] When the result of the judgment in step S160
is YES, processing proceeds to step S170. In step 170,
the processing for maintaining the first ignition com-
mand signal Sa1 at the low level is ended (at time t2 in
FIG. 3). Therefore, the level of the first ignition command
signal Sa1 is determined by the ignition signal control
processing. When the level of the first reference ignition
command signal 1G1 output from the ECU 31 is high,
the level of the first ignition command signal Sa1 be-
comes high. As a result, the main control transistor 15
enters an ON state, and thus, primary current i1 starts
to flow through the primary winding L1.

[0144] Subsequently, the level of the first reference ig-
nition command signal IG1 is changed from high to low
by means of the above-described ignition control
processing, which is separately performed by the ECU
31. As a result, the level of the first ignition command
signal Sa1 changes to low in order to interrupt the pri-
mary current i1, whereby spark discharge is produced
between the electrodes of the spark plug 17 (time t3 in
FIG. 3).

[0145] After completion of the processing in step
S170, processing proceeds to step S180. In step S180,
the timer having started in step S150 is stopped. In sub-
sequent step S190, the timer value is set to zero to
thereby reset the timer.

[0146] In subsequent step S200, one is added to the
counter value N (the counter value N is incremented) in
order to update the counter value N.

[0147] In subsequent step S210, a judgment is made
as to whether the counter value N is equal to or greater
than 5. When the judgment result is YES, processing
proceeds to step S220. When the judgment resultis NO,
processing returns to step S130. Notably, the present
electricity-supply-start timing delay control processing
detects power source voltage every five combustion cy-
cles of the cylinder; and in step S210, a judgment is
made as to whether a combustion cycle (timing) for de-
tection of power source voltage has come.

[0148] When the result of the judgment in step S210
is NO, processing returns to step S130. In step S130,
an electricity-supply-start timing in the next combustion
cycle set by the ECU 31 is detected. Subsequently, the
processing in steps S130 to S210 is repeatedly per-
formed until the counter value N becomes equal to or
greater than 5; i.e., until the result of the judgment in
step S210 becomes YES. Thus, the electricity-supply-
start timing in each combustion cycle is delayed by use
of the same electricity-supply-start delay time Ts.
[0149] When the counter value N becomes equal to
or greater than 5 after iterative performance of the elec-
tricity-supply-start timing delay processing using the
same electricity-supply-start delay time Ts, the result of
the judgment in step S210 becomes YES, and process-
ing proceeds to step S220. In step S220, the magnitude
of the power source voltage is calculated on the basis
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of the divided voltage Vs input from the power-source-
voltage detection circuit 33. That is, the magnitude of
the power source voltage is calculated by multiplying the
detected divided voltage Vs by the ratio of the power
source voltage to the divided voltage Vs, which is deter-
mined by the respective resistances of the two resistors
provided in the power-source-voltage detection circuit
33.

[0150] In subsequent step S230, on the basis of the
magnitude of the power source voltage calculated in
step S220, the electricity-supply-start delay time Ts is
set by use of a map or calculation formula which uses
the magnitude of the power source voltage as a param-
eter. The map or calculation formula which is used in
step S230 to determine the electricity-supply-start delay
time Ts is prepared on the basis of, for example, results
of a measurement performed in advance, such that sub-
stantially constant magnetic flux energy is accumulated
in the ignition coil 13; i.e., an optimal electricity-supply-
start delay time Ts is obtained in accordance with the
magnitude of the power source voltage. Specifically, the
map or calculation formula is configured such that the
electricity-supply-start delay time Ts increases with the
magnitude of the power source voltage.

[0151] In subsequent step S240, the counter value N
used for detecting the timing for detection of the power
source voltage is set to zero to thereby reset the counter
value N. After completion of the processing in step
S240, processing proceeds to step S130.

[0152] After this point in time, the electricity-supply-
start timing delay control processing controls the delay
in the timing for starting supply of primary current i1,
while using the electricity-supply-start delay time Ts set
in step S230. Subsequently, the processing in steps
S130 to S210 is performed repeatedly. When the elec-
tricity-supply-start timing delay processing has been
performed with use of the same electricity-supply-start
delay time Ts in five combustion cycles of the cylinder,
the result of the judgment in step S210 become YES,
and processing proceeds to step S220. Thus, the
processing in steps S220 to S240 is repeated in order
to update the electricity-supply-start delay time Ts.
[0153] As described above, the electricity-supply-
start timing delay processing controls the timing for
starting supply of primary current i1 on the basis of a
predetermined initial value of the electricity-supply-start
delay time Ts immediately after startup of the internal
combustion engine; subsequently detects power source
voltage every five combustion cycles of the cylinder; and
updates the electricity-supply-start delay time Ts on the
basis of the detected power source voltage. The elec-
tricity-supply-start timing delay processing delays the
timing for starting supply of electricity to the primary
winding L1 on the basis of the latest value of the elec-
tricity-supply-start delay time Ts.

[0154] Next, the spark-discharge interruption control
processing performed by the signal processing control
circuit 23 will be described with reference to the flow-
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chart shown in FIG. 6.

[0155] The spark-discharge interruption control
processing is performed once every combustion cycle
for each cylinder. The spark-discharge interruption con-
trol processing is started when the reference ignition
command signal IG for the corresponding cylinder has
risen (from low level to high level) after startup of the
internal combustion engine. In the following description,
the spark-discharge interruption control processing for
the first cylinder will be described.

[0156] When the spark-discharge interruption control
processing is started, in step S550, the spark-discharge
duration time Tc communicated from the ECU 31 by
means of the spark duration signal Sc is first read so as
to be used in subsequent processing. Since the spark
duration signal Sc is always output from the ECU 31 to
the signal processing control circuit 23, the spark-dis-
charge interruption control processing fetches the
spark-discharge duration time Tc through performance
of the processing in step S550 and interrupts spark dis-
charge.

[0157] In subsequent step S560, a judgment is made
as to whether an ignition timing has come, on the basis
of a change in the level of the first reference ignition
command signal IG1 (from high to low). When the judg-
ment result is YES, processing proceeds to step S570.
When the judgment result is NO, the processing in step
S560 is performed repeatedly for the purpose of await-
ing the ignition timing. When the ignition timing for the
first cylinder has come, and the result of the judgment
in step S560 becomes YES, processing proceeds to
step S570. In step S570, the present time t is set to a
time variable T2 in order to memorize the time of the
ignition timing.

[0158] In subsequent step S580, a judgment is made
as to whether a value obtained through subtraction of
the time variable T2 from the present time t; i.e., the val-
ue of t-T2, is equal to the spark-discharge duration time
Tc determined in step S550. When the judgment result
is YES, processing proceeds to step S590. When the
judgment result is NO, the processing at S580 is per-
formed repeatedly for the purpose of awaiting elapse of
the spark-discharge duration time. That is, the process-
ing in step S580 detects a spark-discharge interruption
timing; i.e., passage of the spark-discharge duration
time Tc after the ignition timing detected in step S560.
[0159] When the spark-discharge interruption timing
has come and thus the result of the judgment in step
S580 becomes YES, processing proceeds to step S590.
In step S590, spark-discharge interruption operation is
performed. Specifically, the level of the first spark-dis-
charge interruption command signal Sb1 is changed to
high (time t4 in Fig. 3) in order to operate the electricity-
supply resumption circuit 51 to thereby cause current
(primary current i1) to flow through the primary winding
L 1 again. Thus, the spark discharge is interrupted.
When the electricity-supply resumption circuit 51 is op-
erated by changing the level of the first spark-discharge
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interruption command signal Sb1 to high, the flow of the
primary current i1 stops or decreases to a small level
within a predetermined period of time (time t5 in Fig. 3),
which has been set previously. Upon passage of this
predetermined period of time, the level of the first spark-
discharge interruption command signal Sb1 is changed
to low. Subsequently, the processing in step S590 is
ended, and the spark-discharge interruption control
processing is ended.

[0160] Asdescribed above, the spark-discharge inter-
ruption control processing reads the spark-discharge
duration time Tc communicated from the ECU 31; and
outputs the first spark-discharge interruption command
signal Sb1 at a spark-discharge interruption timing; i.e.
when the spark-discharge duration time Tc has elapsed
from the ignition timing, in order to operate the electric-
ity-supply resumption circuit 51 to thereby interrupt
spark discharge.

[0161] In the engine igniter of the present embodi-
ment, the main control transistor 15 corresponds to the
switching means; the ignition control processing per-
formed by the ECU 31 and the ignition signal control
processing performed by the signal processing control
circuit 23 correspond to the ignition control means; the
transistor 85 corresponds to the spark-discharge inter-
ruption switching means; the capacitor 87 corresponds
to the current adjustment means; the spark-discharge
duration time setting processing performed by the ECU
31 corresponds to the spark-discharge duration time
setting means; the spark-discharge interruption control
processing performed by the signal processing control
circuit 23 corresponds to the spark-discharge interrup-
tion control means; and the electricity-supply-start tim-
ing delay control processing performed by the signal
processing control circuit 23 corresponds to the electric-
ity-supply-start timing delay means. Further, the ECU 31
corresponds to the main controller; the signal process-
ing unit 21 corresponds to the signal processing unit;
and he signal processing control circuit 23 corresponds
to the signal processing control means.

[0162] As described above, in the engine igniter 1 of
the present embodiment, on the basis of the first through
third reference ignition command signals IG1 - IG3 out-
put from the ECU 31, the signal processing unit 21 out-
puts the first through third ignition command signals Sa1
- Sa3 to thereby operate the main control transistor 15.
High voltage for ignition which is generated at the sec-
ondary winding L2 of the ignition coil 13 through opera-
tion of turning the main control transistor 15 on and off
is applied to the spark plug 17 in order to generate spark
discharge between the electrodes 17a and 17b of the
spark plug 17. Subsequently, upon elapse of the spark-
discharge duration time Tc which the ECU 31 sets on
the basis of operation conditions of the internal combus-
tion engine, the signal processing unit 21 of the engine
igniter outputs the first through third spark-discharge in-
terruption command signals Sb1 - Sb3 in order to oper-
ate the electricity-supply resumption circuit 51 to there-
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by resume supply of primary current i1 to the primary
winding L1. Thus, spark discharge is interrupted.
[0163] In the engine igniter of the present embodi-
ment, when the internal combustion engine is operated
under conditions, such as high-speed, heavy-load con-
ditions, in which only a relatively small amount of spark
energy is required, the spark-discharge duration time is
shortened in order to cause the spark plug to reliably
generate spark discharge through application of high
voltage, while suppressing excessive supply of spark
energy to the spark plug. In contrast, when the internal
combustion engine is operated under conditions, such
as low-speed, light-load conditions, in which ignition of
fuel-air mixture is difficult, the spark-discharge duration
time isincreased in order to reliably burn the fuel-air mix-
ture. That is, since the spark-discharge duration time is
controlled optimally on the basis of operation conditions
of the internal combustion engine, generation of multiple
discharge and consumption of the electrodes of the
spark plug are suppressed to thereby extend the service
life of the spark plug. In addition, occurrence of misfire
can be suppressed.

[0164] In the engine igniter 1 of the present embodi-
ment, even when the ignition control processing per-
formed by the ECU 31 outputs the first reference ignition
command signal IG1 of high level in order to start supply
of electricity to the primary winding L1, the supply of
electricity to the primary winding L1 is not necessarily
started at the time of the first reference ignition com-
mand signal IG1 being output. That is, during a period
in which the electricity-supply-start timing delay control
processing performed by the signal processing control
circuit 23 maintains the first ignition command signal
Sa1 atalow level, the main control transistor 15 is main-
tained in an OFF state irrespective of the level of the
first reference ignition command signal 1G1, and thus
electricity is not supplied to the primary winding L1.
[0165] When the electricity-supply-start delay time Ts
set in accordance with the magnitude of power source
voltage elapses after the level of the first reference ig-
nition command signal 1G1 is changed to high, the op-
eration of the electricity-supply-start timing delay control
processing for maintaining the first ignition command
signal Sa1 at the low level is ended. At this timing, the
level of the firstignition command signal Sa1 is changed
to high in accordance with the level of the first reference
ignition command signal IG1 in order to start supply of
electricity to the primary winding L1.

[0166] Thatis, in the engine igniter of the present em-
bodiment, through performance of the electricity-sup-
ply-start timing delay control processing, the timing for
supplying electricity to the primary winding L is delayed
in accordance with the magnitude of the power source
voltage, whereby the magnetic flux energy accumulated
in the ignition coil 13 is maintained at a substantially con-
stant level even when the power source voltage varies.
Therefore, the engine igniter of the present embodiment
can prevent the magnetic flux energy from being accu-
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mulated excessively in the ignition coil 13 due to influ-
ence of variation in the power source voltage. As a re-
sult, it is possible to prevent supply to the capacitor 87
of charge in an amount exceeding an allowable amount,
which supply would otherwise be effected at the time of
interruption of spark discharge.

[0167] Notably, the electricity-supply-start timing de-
lay control processing controls only timing for starting
supply of electricity to the primary winding and does not
change ignition timing. The engine igniter of the present
embodiment causes the spark plug to generate spark
discharge at an ignition timing which is determined by
the ignition control processing performed by the ECU
31.

[0168] Next, there will be described an engine igniter
according to a second embodiment in which the signal
processing control circuit 23 has a reduced number of
input terminals as compared with the above-described
embodiment (hereinafter referred to as the first embod-
iment). Since the second embodiment differs from the
first embodiment only in the configuration of the signal
processing unit 21, the description will focus on portions
which differ from those of the first embodiment. FIG. 7
shows the signal processing unit 21 used in the engine
igniter of the second embodiment.

[0169] As shown in FIG. 7, the signal processing unit
21 of the second embodiment includes an |G signal syn-
thesis circuit 29, in addition to the signal processing con-
trol circuit 23, the first IG signal input circuit 25, the sec-
ond IG signal input circuit 125, the third IG signal input
circuit 225, and the spark-duration-signal input circuit
27.

[0170] The IG signal synthesis circuit 29 receives the
first through third reference ignition command signals
IG1 - 1G3 from the first |G signal input circuit 25, the sec-
ond IG signal input circuit 125, and the third IG signal
input circuit 225, respectively. Further, the I1G signal syn-
thesis circuit 29 outputs a synthesized ignition com-
mand signal IGM to the signal processing control circuit
23.

[0171] TheIG signal synthesis circuit 29 sets the level
of the synthesized ignition command signal IGM to high
when at least one of the three reference ignition com-
mand signals IG is at high level, and sets the level of the
synthesized ignition command signal IGM to low when
all the three reference ignition command signals |G are
at low level.

[0172] The signal processing control circuit 23 re-
ceives three signal transmitted from the ECU 31; i.e.,
the fist reference ignition command signal IG1, the spark
duration signal Sc, and the synthesized ignition com-
mand signal IGM. Therefore, when the ECU 31 changes
the level of the first reference ignition command signal
IG1 in order to generate spark discharge in the first cyl-
inder, the level of the synthesized ignition command sig-
nal IGM changes together with the level of the first ref-
erence ignition command signal IG1. By contrast, when
the ECU 31 changes the level of the second reference
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ignition command signal IG2 or the third reference igni-
tion command signal IG3 in order to generate spark dis-
charge in the second or third cylinder, only the level of
the synthesized ignition command signal IGM changes.
[0173] Inthe internal combustion engine for which the
engine igniter of the present embodiment is provided,
spark discharge is always generated in the first cylinder,
in the second cylinder, and in the third cylinder, in this
sequence. Therefore, when the level of the first refer-
ence ignition command signal 1G1 and the level of the
synthesized ignition command signal IGM change con-
currently, the signal processing control circuit 23 detects
this change as a reference ignition command signal for
the first cylinder, and changes the level of the first igni-
tion command signal Sa1 in accordance with the level
of the synthesized ignition command signal IGM. Sub-
sequently, when the level of the synthesized ignition
command signal IGM changes, the signal processing
control circuit 23 detects this change as a reference ig-
nition command signal for the second cylinder, and
changes the level of the second ignition command sig-
nal Sa2 in accordance with the level of the synthesized
ignition command signal IGM. Subsequently, when the
level of the synthesized ignition command signal IGM
changes, the signal processing control circuit 23 detects
this change as a reference ignition command signal for
the third cylinder, and changes the level of the third ig-
nition command signal Sa3 in accordance with the level
of the synthesized ignition command signal IGM.
[0174] Thatis, the signal processing control circuit 23
of the second embodiment uses the first reference igni-
tion command signal IG1 for the first cylinder as a ref-
erence, and outputs an ignition command signal for the
first cylinder, an ignition command signal for the second
cylinder, and an ignition command signal for the third
cylinder, in this sequence, each time the synthesized ig-
nition command signal IGM is input to the signal
processing control circuit 23, to thereby generate spark
discharge at proper timing in each of the cylinders.
[0175] Since the engine igniter of the second embod-
iment eliminates the necessity of inputting to the signal
processing control circuit 23 reference ignition com-
mand signals for all the cylinders, the engine igniter of
the second embodiment can operate the internal com-
bustion engine by use of a signal processing control cir-
cuit having fewer input terminals as compared with the
first embodiment.

[0176] Accordingly, the engine igniter of the second
embodiment reduces the number of input terminals of
the signal processing control circuit provided in the sig-
nal processing unit in order to reduce the area occupied
by the signal processing control circuit, to thereby in-
crease packaging density.

[0177] Notably, in the engine igniter of the second em-
bodiment, the first IG signal input circuit 25 corresponds
to the first signal path; and the |G signal synthesis circuit
29 corresponds to the second signal path.

[0178] Next, there will be described an engine igniter
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1 according to a third embodiment which has a reduced
number of signal paths extending from the ECU 31 to
the signal processing unit 21. FIG. 8 is a diagram sche-
matically showing the configuration of the engine igniter
according to the third embodiment.

[0179] As shown in FIG. 8, the engine igniter 1 ac-
cording to the third embodiment includes the above-de-
scribed signal processing unit 21, a power-source-volt-
age detection circuit 33, primary-coil drive circuits, igni-
tion coils, spark plugs, and electricity-supply resumption
circuits. The engine igniter 1 further includes an unillus-
trated DC power source unit 11 and the above-de-
scribed ECU 31. Notably, the primary-coil drive circuit,
the ignition caoil, the spark plug, and the electricity-sup-
ply resumption circuit are provided for each of the first
through third cylinders.

[0180] Since the engine igniter of the third embodi-
ment differs from that of the first embodiment only in the
configuration and the processing of the signal process-
ing unit 21 and the ECU 31 in relation to notification of
the spark-discharge duration time Tc, the description will
focus on portions which differ from those of the first em-
bodiment.

[0181] First, the ECU 31 does not have an output ter-
minal for outputting the spark duration signal Sc, and
has output terminals for outputting to the signal process-
ing unit 21 three signals; i.e., first through third reference
ignition command signals 1GSc1 to IGSc3.

[0182] Through use of a notification reference ignition
command signal having a pulse width different from that
of an ordinary reference ignition command signal, the
ECU 31 communicates to the signal processing control
circuit 23 the spark-discharge duration time Tc, which is
set in accordance with operation conditions of the inter-
nal combustion engine: For example, for each value of
the spark-discharge duration time Tc, the number of
continuously output notification reference ignition com-
mand signals corresponding thereto is determined and
stored in the form of a map; and the notification refer-
ence ignition command signal is output a plurality of
times corresponding to a value of the spark-discharge
duration time Tc, which is set in accordance with oper-
ation conditions of the internal combustion engine.
[0183] Notably, the number of continuously output no-
tification reference ignition command signals is not
counted on a cylinder-by-cylinder basis. For example,
when the notification reference ignition command signal
is to be output three times continuously, the first through
third reference ignition command signals IGSc1 - 1IGSc3
may be output successively in such a manner that the
first through third reference ignition command signals
IGSc1 - IGSc3 have a pulse width different from the or-
dinary pulse width and thus serve as notification refer-
ence ignition command signals.

[0184] Since operation conditions of the internal com-
bustion engine do not change between periods of spark
discharge generated at intervals of several millisec-
onds, the spark-discharge duration time Tc is communi-



39 EP 1 201 920 A2

cated once during performance of a plurality of combus-
tion cycles (e.g., once every 100 combustion cycles).
[0185] The signal processing unit 21 includes a signal
processing control circuit 23 constituted by a microcom-
puter; a first IG signal input circuit 25, a second |G signal
input circuit 125, and a third IG signal input circuit 225,
which form signal paths for respectively inputting the
first through third reference ignition command signals
IGSc1 -1GSc3 to the signal processing control circuit 23.
[0186] In the third embodiment, since the spark-dis-
charge duration time Tc is communicated by use of the
reference ignition command signals, the first IG signal
input circuit 25, the second IG signal input circuit 125,
and the third IG signal input circuit 225 play the role of
the spark-duration-signal input circuit used in the first
embodiment.

[0187] Next, there will be described spark-discharge
duration time read processing performed by the signal
processing control circuit 23. The spark-discharge du-
ration time read processing is started upon startup of
the internal combustion engine. The spark-discharge
duration time read processing is not performed on a cyl-
inder-by-cylinder basis but is performed commonly
among the cylinders in order to read a spark-discharge
duration time common among the cylinders.

[0188] When the spark-discharge duration time read
processing is started, on the basis of pulse width, a judg-
ment is made as to whether a signal obtained through
logical addition (OR) of input reference ignition com-
mand signals is a notification reference ignition com-
mand signal. When the signal obtained through logical
addition is judged to be a notification reference ignition
command signal, the notification reference ignition com-
mand signals are counted until an ordinary reference ig-
nition command signal is input.

[0189] When an ordinary reference ignition command
signal is input, and the number of continuously input no-
tification reference ignition command signals becomes
definitely known, on the basis of the relationship be-
tween spark-discharge duration time Tc and the number
of continuously input notification reference ignition com-
mand signals set in the above-described map provided
in the ECU 31, a spark-discharge duration time Tc cor-
responding to the number of continuously input notifica-
tion reference ignition command signals is detected.
[0190] Subsequently, the judgment as to whether a
signal obtained through logical addition (OR) of input
reference ignition command signals is a notification ref-
erence ignition command signal is performed again on
the basis of pulse width. Through repetition of the
above-described series of processing, the spark-dis-
charge duration time read processing reads a new
spark-discharge duration time Tc output from the ECU
31 and updates the old spark-discharge duration time
Tc. This updating operation is performed whenever a
new spark-discharge duration time Tc is read every 100
combustion cycles.

[0191] The signal processing control circuit 23 of the
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third embodiment performs spark-discharged interrup-
tion control processing which differs in processing in
step S550 from the spark-discharged interruption con-
trol processing of the first embodiment shown in FIG. 6 .
That is, in step S550 of the spark-discharged interrup-
tion control processing performed in the present embod-
iment, the spark-discharge duration time Tc is not read
from the spark duration signal Sc, but the spark-dis-
charge duration time Tc updated by the spark-discharge
duration time read processing is read to be used in sub-
sequent combustion cycles. In subsequent spark-dis-
charged interruption control processing, processing
identical with that in steps S560 to S590 of the first em-
bodiment is performed. Thus, when the spark-discharge
duration time Tc has elapsed after the corresponding ig-
nition timing, the spark-discharged interruption is per-
formed in order to interrupt spark discharge.

[0192] Notably, as in the first embodiment, the spark-
discharged interruption control processing of the third
embodiment is performed once during each combustion
cycle for each cylinder. After startup of the internal com-
bustion engine, the spark-discharged interruption con-
trol processing is started when the reference ignition
command signal IG for each cylinder has risen (from low
level to high level).

[0193] FIG. 9 shows a time chart representing varia-
tions with time in the reference ignition command sig-
nals for the first through third cylinders, the signal ob-
tained through logical addition (OR) of the reference ig-
nition command signals for the respective cylinders, and
the potentials of the center electrodes of the spark plugs
17 for the respective cylinders.

[0194] As shown in FIG. 9, the signal obtained
through logical addition (OR) of the reference ignition
command signals which have been output from the ECU
31 during the period from t33 to t36 serve as notification
reference ignition command signals having a pulse
width Tspk greater than the pulse width Tn of an ordinary
reference ignition command signal and represents that
the spark-discharge duration time Tc is to be updated.
Therefore, spark discharge generated after t37 is inter-
rupted upon elapse of a spark-discharge duration time
Ttb, which is shorter than a spark-discharge duration
time Tta after which the spark discharge ends naturally.
That is, spark discharge generated after t37 is interrupt-
ed upon elapse of the spark-discharge duration time Ttb
after the corresponding ignition timing until the spark-
discharge duration time Tc is updated.

[0195] Next, there will be described an engine igniter
according to a fourth embodiment in which the signal
processing control circuit 23 has a reduced number of
input terminals as compared with the third embodiment.
Since the fourth embodiment differs from the third em-
bodiment only in the configuration of the signal process-
ing unit 21, the description will focus on portions which
differ from those of the third embodiment.

[0196] AsshowninFIG. 10, the signal processing unit
21 of the fourth embodiment includes an |G signal syn-
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thesis circuit 29, in addition to the signal processing con-
trol circuit 23, the first IG signal input circuit 25, the sec-
ond |G signal input circuit 125, and the third |G signal
input circuit 225.

[0197] As in the case of the third embodiment, in the
fourth embodiment, since the spark-discharge duration
time Tc is communicated by use of the reference ignition
command signals, the first IG signal input circuit 25, the
second |G signal input circuit 125, and the third IG signal
input circuit 225 play the role of the spark-duration-sig-
nal input circuit.

[0198] The IG signal synthesis circuit 29 receives the
first through third reference ignition command signals
IGSc1 - 1GSc3 from the first IG signal input circuit 25,
the second IG signal input circuit 125, and the third IG
signal input circuit 225, respectively. Further, the I1G sig-
nal synthesis circuit 29 outputs a synthesized ignition
command signal IGScM to the signal processing control
circuit 23.

[0199] The IG signal synthesis circuit 29 sets the level
of the synthesized ignition command signal IGScM to
high when at least one of the three reference ignition
command signals is at high level, and sets the level of
the synthesized ignition command signal IGScM to low
when all the three reference ignition command signals
are at low level.

[0200] The signal processing control circuit 23 re-
ceives two signal transmitted from the ECU 31; i.e., the
first reference ignition command signal IGSc1 and the
synthesized ignition command signal IGScM. There-
fore, when the ECU 31 changes the level of the first ref-
erence ignition command signal IGSc1 in order to gen-
erate spark discharge in the first cylinder, the level of
the synthesized ignition command signal IGScM chang-
es together with the level of the first reference ignition
command signal IGSc1. By contrast, when the ECU 31
changes the level of the second reference ignition com-
mand signal IGSc2 or the third reference ignition com-
mand signal IGSc3 in order to generate spark discharge
in the second or third cylinder, only the level of the syn-
thesized ignition command signal IGScM changes.
[0201] Inthe internal combustion engine for which the
engine igniter of the present embodiment is provided,
spark discharge is always generated in the first cylinder,
in the second cylinder, and in the third cylinder, in this
sequence. Therefore, when the level of the first refer-
ence ignition command signal IGSc1 and the level of the
synthesized ignition command signal IGScM change
concurrently, the signal processing control circuit 23 de-
tects this change as a reference ignition command sig-
nal for the first cylinder, and changes the level of the first
ignition command signal Sa1 in accordance with the lev-
el of the synthesized ignition command signal IGScM.
Subsequently, when the level of the synthesized ignition
command signal IGScM changes, the signal processing
control circuit 23 detects this change as a reference ig-
nition command signal for the second cylinder, and
changes the level of the second ignition command sig-
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nal Sa2 in accordance with the level of the synthesized
ignition command signal IGScM. Subsequently, when
the level of the synthesized ignition command signal I1G-
ScM changes, the signal processing control circuit 23
detects this change as a reference ignition command
signal for the third cylinder, and changes the level of the
third ignition command signal Sa3 in accordance with
the level of the synthesized ignition command signal 1G-
ScM.

[0202] Thatis, the signal processing control circuit 23
of the fourth embodiment uses the first reference ignition
command signal IGSc1 for the first cylinder as a refer-
ence, and outputs an ignition command signal for the
first cylinder, an ignition command signal for the second
cylinder, and an ignition command signal for the third
cylinder, in this sequence, each time the synthesized ig-
nition command signal IGScM is input to the signal
processing control circuit 23, to thereby generate spark
discharge at proper timing in each of the cylinders.
[0203] Since the engine igniter of the fourth embodi-
ment eliminates the necessity of inputting to the signal
processing control circuit 23 reference ignition com-
mand signals for all the cylinders, the engine igniter of
the fourth embodiment can operate the internal combus-
tion engine by use of a signal processing control circuit
having fewer input terminals as compared with the third
embodiment.

[0204] Further, the signal processing control circuit 23
judges the pulse width of the synthesized ignition com-
mand signal IGScM to thereby count the number of con-
tinuously output naotification reference ignition command
signals, to thereby read the spark-discharge duration
time Tc. Since the notification reference ignition com-
mand signal is detected from the synthesized ignition
command signal IGScM, the processing which is per-
formed within the signal processing control circuit 23 in
order to obtain the result of logical addition (OR) of the
reference ignition command signals for three cylinders
can be omitted. Thus, an increase in processing load of
the signal processing control circuit 23 can be sup-
pressed.

[0205] Accordingly, the engine igniter of the fourth
embodiment reduces the number of input terminals of
the signal processing control circuit provided in the sig-
nal processing unit in order to reduce the area occupied
by the signal processing control circuit, to thereby in-
crease packaging density. In addition, an increase in
processing load of the signal processing control circuit
can be suppressed.

[0206] Notably, in the engine igniter of the fourth em-
bodiment, the first IG signal input circuit 25 corresponds
to the first signal path; and the |G signal synthesis circuit
29 corresponds to the second signal path.

[0207] Next, there will be described an engine igniter
according to the fifth embodiment, which has a signal
processing unit 21 configured to output the reference
ignition command signals received from the ECU 31 di-
rectly to the primary-coil drive circuit. FIG. 11 is a dia-
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gram schematically showing the configuration of the en-
gine igniter according to the fifth embodiment.

[0208] As shown in FIG. 11, the engine igniter 1 ac-
cording to the fifth embodiment includes the above-de-
scribed signal processing unit 21, a power-source-volt-
age detection circuit 33, primary-coil drive circuits, igni-
tion coils, spark plugs, and electricity-supply resumption
circuits. The engine igniter 1 further includes an unillus-
trated DC power source unit 11 and the above-de-
scribed ECU 31. Notably, the primary-coil drive circuit,
the ignition coil, the spark plug, and the electricity-sup-
ply resumption circuit are provided for each of the first
through third cylinders.

[0209] Since the engine igniter of the fifth embodiment
differs from that of the third embodiment only in the con-
figuration and processing of the signal processing unit
21, the description will focus on portions which differ
from those of the third embodiment.

[0210] The signal processing unit 21 includes a signal
processing control circuit 23 constituted by a microcom-
puter; a first IG signal input circuit 25, a second IG signal
input circuit 125, and a third IG signal input circuit 225,
which form signal paths for respectively inputting the
first through third reference ignition command signals
IGSc1 - IGSc3 to the signal processing control circuit
23; and a first ignition-command-signal interruption cir-
cuit 35, a second ignition-command-signal interruption
circuit 135, and a third ignition-command-signal inter-
ruption circuit 235 for breaking signal paths used for re-
spectively outputting the first through third reference ig-
nition command signals IGSC1 - IGSc3 directly to the
first primary-coil drive circuit 15, the second primary-coil
drive circuit 115, and the third primary-coil drive circuit
215.

[0211] Foreach cylinder, the signal processing unit 21
includes a signal path for outputting directly to the cor-
responding primary-coil drive circuit the reference igni-
tion command signal received from the corresponding
IG signal input circuit.

[0212] The first ignition-command-signal interruption
circuit 35 is provided in the signal path extending from
the first IG signal input circuit 25 of the signal processing
unit 21 to the first primary-coil drive circuit 15. When no
external command signal is input to the first ignition-
command-signal interruption circuit 35, the first ignition-
command-signal interruption circuit 35 maintains the
continuity of the signal path extending from the first IG
signal input circuit 25 to the first primary-coil drive circuit
15 (a connected state). When an external command sig-
nal is input to the first ignition-command-signal interrup-
tion circuit 35, the first ignition-command-signal inter-
ruption circuit 35 breaks the signal path extending from
the first IG signal input circuit 25 to the first primary-coil
drive circuit 15 (a disconnected state). The first electric-
ity-supply start delay signal Sd1 output from the signal
processing control circuit 23 is input to the first ignition-
command-signal interruption circuit 35. The first igni-
tion-command-signal interruption circuit 35 is brought
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into the connected state when the level of the first elec-
tricity-supply start delay signal Sd1 is low, and is brought
into the disconnected state when the level of the first
electricity-supply start delay signal Sd1 is high.

[0213] Further, the second ignition-command-signal
interruption circuit 135 is provided in the signal path for
supplying the second reference ignition command sig-
nal IGSc2 from the second IG signal input circuit 125 to
the second primary-coil drive circuit 115; and the third
ignition-command-signal interruption circuit 235 is pro-
vided in the signal path for supplying the third reference
ignition command signal IGSc3 from the third IG signal
input circuit 225 to the third primary-coil drive circuit 215.
The second electricity-supply start delay signal Sd2 out-
put from the signal processing control circuit 23 is input
to the second ignition-command-signal interruption cir-
cuit 135; and the third electricity-supply start delay sig-
nal Sd3 output from the signal processing control circuit
23 is input to the third ignition-command-signal interrup-
tion circuit 235. As a result, each of the second and third
ignition-command-signal interruption circuits 135 and
235 comes into a connected or disconnected state in
accordance with the corresponding electricity-supply
start delay signal.

[0214] Asinthe case of the third embodiment, the sig-
nal processing control circuit 23 reads the spark-dis-
charge duration time Tc from notification ignition com-
mand signals having a pulse width different from the or-
dinary pulse width, among the first through third refer-
ence ignition command signals IGSc1 to IGSc3. Subse-
quently, on the basis of the thus-read spark-discharge
duration time Tc, the signal processing control circuit 23
outputs the first spark-discharge interruption command
signal Sb1 to the electricity-supply resumption circuit 51
corresponding to the first cylinder. Further, the signal
processing control circuit 23 outputs the second and
third spark-discharge interruption command signals
Sb2 and Sb3 to the electricity-supply resumption circuits
corresponding to the second and third cylinders. In this
manner, the signal processing control circuit 23 inter-
rupts spark discharge in the respective cylinders by use
of the spark-discharge duration time Tc communicated
from the ECU 31.

[0215] The signal processing control circuit 23 does
not output ignition command signals (Sa1, Sa2, and
Sa3). The signals output from the first, second, and third
ignition-command-signal interruption circuit 35, 135,
and 235 to the respective primary-coil drive circuits
serve as the first through third ignition command signals
Sa1, Sa2, and Sa3, respectively.

[0216] Through output of the first through third elec-
tricity-supply start delay signals Sd1 - Sd3, the signal
processing control circuit 23 can maintain the first
through third ignition command signals Sa1, Sa2, and
Sa3 at low level. That is, the signal processing control
circuit 23 can prevent the supply of primary current from
starting when the corresponding reference ignition com-
mand signal is input from the ECU 31 and can delay the



45

start of the supply of primary current.

[0217] Next, the electricity-supply-start timing delay
control processing performed by the signal processing
control circuit 23 will be described.

[0218] The electricity-supply-start timing delay con-
trol processing of the fifth embodiment is substantially
the same as that in the first embodiment shown in FIG.
5, except for the processing in steps S140 and S170.
Therefore, only the portions that differ from those of the
first embodiment will be described.

[0219] In step S140 of the fifth embodiment, the level
of the first electricity-supply start delay signal Sd1 is set
high in order to bring the first ignition-command-signal
interruption circuit 35 into a disconnected state, to there-
by prevent the first reference ignition command signal
IGSc1 from being input to the first primary-coil drive cir-
cuit 15. That is, through the operation of preventing the
first ignition command signal Sa1 from being controlled
by the first reference ignition command signal 1GSc1,
the first primary-coil drive circuit 15 is maintained in an
OFF state, regardless of the command from the ECU
31, to thereby prohibit the supply of primary current.
[0220] When the electricity-supply-start delay time Ts
has elapsed, in step S170, the level of the first electric-
ity-supply start delay signal Sd1 is set low in order to
bring the first ignition-command-signal interruption cir-
cuit 35 into a connected state, to thereby permit the first
reference ignition command signal IGSc1 to be input to
the first primary-coil drive circuit 15. That is, through the
operation of permitting the first ignition command signal
Sa1 to be controlled by the first reference ignition com-
mand signal IGSc1, the first primary-coil drive circuit 15
is maintained in an ON state, to thereby start the supply
of primary current.

[0221] As in the first embodiment, the electricity-sup-
ply-start timing delay control processing of the fifth em-
bodiment controls the timing for starting supply of pri-
mary. current i1 on the basis of a predetermined initial
value of the electricity-supply-start delay time Ts imme-
diately after startup of the internal combustion engine;
subsequently detects power source voltage every five
combustion cycles of the cylinder; and updates the elec-
tricity-supply-start delay time Ts on the basis of the de-
tected power source voltage. The electricity-supply-
start timing delay processing delays the timing for start-
ing supply of electricity to the primary winding L1, on the
basis of the latest value of the electricity-supply-start de-
lay time Ts.

[0222] FIG. 12 is a block diagram showing a configu-
ration of a portion of the engine igniter of the fifth em-
bodiment corresponding to the first cylinder.

[0223] AsshowninFIG. 12, the engine igniter 1 of the
fifth embodiment includes a DC power source unit 11;
an ignition coil 13; a main control transistor 15; a spark
plug 17; an electricity-supply resumption circuit 51; a
signal processing unit 21; an electronic control unit
(hereinafter referred to as an "ECU") 31; and a power-
source-voltage detection circuit 33.
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[0224] The ignition coil 13 corresponds to the first ig-
nition coil 13 in FIG. 11; the main control transistor 15
corresponds to the first primary-coil drive circuit 15 in
FIG. 11; the spark plug 17 corresponds to the first spark
plug 17 in FIG. 11; and the electricity-supply resumption
circuit 51 corresponds to the first electricity-supply re-
sumption circuit 51 in FIG. 11. Ignition coils, primary-coil
drive circuits, spark plugs, and electricity-supply re-
sumption circuits for the second and third cylinders have
the same configurations as those of the ignition coil 13,
the main control transistor 15, the spark plug 17, and
the electricity-supply resumption circuit 51 shown in
FIG. 12.

[0225] The signal processing unit 21 includes a signal
processing control circuit 23, which is constituted by a
microcomputer; a first IG signal input circuit 25; a sec-
ond IG signal input circuit 125; a third I1G signal input
circuit 225; an npn-type signal-interruption transistor 39;
and a resistor 37. The signal-interruption transistor 39
and the resistor 37 serve as the first ignition-command-
signal interruption circuit 35 shown in FIG. 11. Although
not shown in FIG. 12, the signal processing unit 21 in-
cludes signal-interruption transistors and resistors for
the second and third cylinders.

[0226] The first IG signal input circuit 25 receives the
first reference ignition command signal IGSc1 from the
ECU 31 and outputs it to the main control transistor 15
via the resistor 37 and to the signal processing control
circuit 23. The signal input from the resistor 37 to the
main control transistor 15 will be referred to as a first
ignition command signal Sa1.

[0227] The base of the signal-interruption transistor
39 is connected to the output terminal of the signal
processing control circuit 23 from which the first elec-
tricity-supply start delay signal Sd1 is output; the emitter
of the signal-interruption transistor 39 is grounded; and
the collector of the signal-interruption transistor 39 is
connected to a line extending from the resistor 37 to the
base 15b of the main control transistor 15.

[0228] When the first electricity-supply start delay sig-
nal Sd1 input to the base of the signal-interruption tran-
sistor 39 is at low level (typically, ground potential), no
base current flows into the signal-interruption transistor
39, and consequently, the signal-interruption transistor
39 enters an OFF state. At this time, the level of the first
ignition command signal Sa1 input to the base 15b of
the main control transistor 15 is determined on the basis
of the level of the first reference ignition command signal
IGSc1 output from the ECU 31. In other words, when
the signal-interruption transistor 39 is in the OFF state,
the main control transistor 15 is turned on and off in ac-
cordance with the first reference ignition command sig-
nal IGScl output from the ECU 31.

[0229] When the first electricity-supply start delay sig-
nal Sd1 is at high level (e.g., 5V, which is voltage sup-
plied from the constant voltage power source), base cur-
rent flows into the signal-interruption transistor 39, and
consequently, the signal-interruption transistor 39 en-
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ters an ON state. At this time, the first ignition command
signal Sa1 is maintained at low level, and is not deter-
mined on the basis of the level of the first reference ig-
nition command signal IGSc1 output from the ECU 31.
In other words, when the signal-interruption transistor
39 is in the ON state, the main control transistor 15 is
maintained OFF, irrespective of the first reference igni-
tion command signal IGSc1 output from the ECU 31.
[0230] Therefore, when the level of the first electricity-
supply start delay signal Sd1 output from the signal
processing control circuit 23 is low, the main control tran-
sistor 15is turned on and off in accordance with the com-
mand (the first reference ignition command signal
IGSc1) output from the ECU 31. When the level of the
first electricity-supply start delay signal Sd1 is high, the
main control transistor 15 is in the OFF state at all times,
irrespective of the level of the command (the first refer-
ence ignition command signal 1GSc1) output from the
ECU 31.

[0231] FIG. 13 shows a time chart representing vari-
ations with time in the first reference ignition command
signal IGSc1, the first ignition command signal Sa1, the
first electricity-supply start delay signal Sd1, the primary
current i1, and the potential Vp of the center electrode
17a of the spark plug 17, all of which appear in the en-
gine igniter of the fifth embodiment shown in FIG. 12.
[0232] The level of the first reference ignition com-
mand signal IGSc 1 is switched from low to high at time
t1 shown in FIG. 13. In synchronism with this, the level
of the first electricity-supply start delay signal Sd1 is
switched from low to high on the basis of the divided
voltage Vs of the power source voltage detected by the
power-source-voltage detection circuit 33. As a result,
the first ignition command signal Sa1 is maintained at
low level, and therefore no primary current i1 flows
through the primary winding L1. When the electricity-
supply-start delay time has elapsed, at time t2, the level
of the first electricity-supply start delay signal Sd1 is
switched to low. As a result, the level of the first ignition
command signal Sa1 is switched to high, and therefore
the main control transistor 15 enters an ON state, with
the result that the primary current i1 flows through the
primary winding L1.

[0233] When time t3 serving as an ignition timing has
come as a result of further passage of time, the level of
the first reference ignition command signal 1GSc1 is
switched from high to low, and consequently the main
control transistor 15 is turned off. Thus, supply of the
primary current i1 to the primary winding L1 is interrupt-
ed, and negative high voltage for ignition is applied to
the center electrode 17a of the spark plug 17. As a re-
sult, the potential Vp of the center electrode 17a de-
creases abruptly, and thus, spark discharge is generat-
ed between the electrodes 17a and 17b of the spark plug
17. When a separately-set spark-discharge duration
time has elapsed, at time t4, the level of the first spark-
discharge interruption command signal Sb1 (not illus-
trated in FIG. 13) becomes high, and consequently,
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spark discharge is interrupted.

[0234] As described above, in the fifth embodiment,
even after the level of the first reference ignition com-
mand signal IGSc1 is changed to high, the primary cur-
renti1 does not flow, insofar as the level of the first elec-
tricity-supply start delay signal Sd1 is high. Therefore,
the timing for starting the supply of primary current i1
can be delayed by means of the first electricity-supply
start delay signal Sd1. As a result, in the engine igniter
of the fifth embodiment, the actual primary current sup-
ply period (from time {2 to time t3) is shorter than the
primary current supply period (from time t1 to time t3)
set by the ECU 31.

[0235] The signal processing control circuit 23 merely
controls the timing for starting the supply of electricity to
the primary winding L 1 and does not change the ignition
timing; the ignition timing is determined by the ECU 31.
Therefore, provision of the signal processing control cir-
cuit 23 does not affect the ignition timing.

[0236] As described above, in the engine igniter of the
fifth embodiment, the timing for supplying electricity to
the primary winding L 1 is delayed in accordance with
the magnitude of the power source voltage, whereby the
magnetic flux energy accumulated in the ignition coil 13
can be maintained at a substantially constant level even
when the power source voltage varies. Therefore, the
engine igniter of the present embodiment can prevent
the magnetic flux energy from being accumulated ex-
cessively in the ignition coil 13 due to influence of vari-
ation in the power source voltage. As a result, it is pos-
sible to prevent supply to the capacitor 87 of charge ex-
ceeding an allowable amount, which supply would oth-
erwise been effected at the time of interruption of spark
discharge.

[0237] Moreover, in an event that the signal process-
ing control circuit 23 becomes unable to output the first
electricity-supply start delay signal Sd1 due to a certain
cause, the signal-interruption transistor 39 enters an
OFF state. Therefore, the main control transistor 15 is
controlled by the ECU 31 in order to control supply and
interruption of primary current i1, thereby enabling the
operation of the internal combustion engine to continue.
[0238] Although the embodiments of the present in-
vention have been described above, the present inven-
tionis not limited thereto and may be practiced in various
forms.

[0239] For example, the DC power source unit is not
limited to a DC power source unit in which AC voltage
from a commercial power source is converted into DC
voltage; the engine igniter of the present invention can
be practiced by use of a battery which outputs charged
electrical energy in the form of DC voltage.

[0240] In the above-described embodiments, power
source voltage is detected every five combustion cycles
in order to update the electricity-supply-start delay time
Ts. However, this updating operation may be performed
every ten combustion cycles, and the updating interval
may be preferably set in accordance with the frequency
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of variation of the power source voltage.

[0241] The internal combustion engine is not limited
to a gas engine using a gaseous fuel; the engine igniter
of the present invention may be applied to an internal
combustion engine using a liquid fuel such as gasoline.
[0242] Some of the above-described embodiments
use a method for communicating a spark-discharge du-
ration time by means of the number of continuously-out-
put notification reference ignition command signals.
However, alternatively, the following method may be
employed. The relationship between pulse width and
spark-discharge duration time Tc is previously stored in
the form of a map; and a spark-discharge duration time
is communicated by means of the pulse width of a single
notification reference ignition command signal.

Claims

1. Anignition apparatus for an internal combustion en-
gine comprising:

a DC power source unit;

an ignition coil having a primary winding
through which primary current flows upon ap-
plication to the primary winding of power source
voltage from the DC power source unit, and a
secondary winding which forms a closed loop
in cooperation with a spark plug attached to the
internal combustion engine;

switching means connected in series to the pri-
mary winding and adapted to interrupt and
resume the primary current flowing through the
primary winding; and

ignition control means for outputting an ignition
command signal for controlling an ignition tim-
ing, the ignition command signal causing the
switching means to interrupt and resume the
primary current flowing through the primary
winding in order to generate at the secondary
winding high voltage for ignition to thereby
cause the spark plug to generate spark dis-
charge, characterized in that the ignition ap-
paratus further comprises:

spark-discharge duration time setting
means for setting a spark-discharge dura-
tion time on the basis of operation condi-
tions of the internal combustion engine, the
spark-discharge duration time represent-
ing a period during which spark discharge
of the spark plug is to be maintained;
spark-discharge interruption  control
means for outputting a spark-discharge in-
terruption command signal for controlling
the spark-discharge duration time;

a spark-discharge interruption circuit for re-
suming, after generation of spark dis-
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charge by the spark plug, supply of the pri-
mary current to the primary winding in ac-
cordance with the spark-discharge inter-
ruption command signal so as to interrupt
the spark discharge; and

energy control means for maintaining at a
substantially constant level the magnetic
flux energy which is accumulated in the ig-
nition coil by virtue of supply of electricity
to the primary winding by means of the ig-
nition control means.

2. Anignition apparatus for an internal combustion en-
gine according to claim 1, wherein
the spark-discharge interruption circuit has an
electricity-supply resumption circuit connected in
parallel to the switching means, the electricity-sup-
ply resumption circuit including:

spark-discharge interruption switching means
for resuming supply of the primary current to
the primary winding in accordance with the
spark-discharge interruption command signal;
and

current adjustment means connected in series
to the spark-discharge interruption switching
means and adapted to reduce the primary cur-
rent flowing through the primary winding, after
the resumption of supply of the primary current
to the primary winding, so as to prevent the
spark plug from generating spark discharge.

3. Anignition apparatus for an internal combustion en-
gine according to claim 1 or 2, wherein
the energy control means includes:

electricity-supply-start timing delay means for
detecting power source voltage output from the
DC power source unit, for setting, on the basis
of the power source voltage, an electricity-sup-
ply-start delay time representing a time by
which start of supply of electricity to the primary
winding is to be delayed, and for delaying by
the electricity-supply-start delay time the timing
at which the ignition control means starts sup-
ply of electricity to the primary winding.

4. An ignition apparatus according to claim 3 to be
used for an internal combustion engine having a
plurality of cylinders, wherein

the ignition coil, the switching means, and the
spark-discharge interruption circuit are provided for
each of spark plugs attached to the respective cyl-
inders; and

the ignition control means comprises:

a main controller including the spark-discharge
duration time setting means, the main controller
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setting an ignition timing and a spark-discharge
duration time for each cylinder on the basis of
operation conditions of the internal combustion
engine, and generating a reference ignition
command signal corresponding to the ignition
timing, and

a signal processing unit including the electrici-
ty-supply-start timing delay means and the
spark-discharge interruption control means,
the signal processing unit receiving the refer-
ence ignition command signal output from the
main controller and outputting to the switching
means an ignition command signal which is de-
layed from the reference ignition command sig-
nal by the electricity-supply-start delay time,
and generating, on the basis of the spark-dis-
charge duration time set by the main controller,
a spark-discharge interruption command signal
to be output to the spark-discharge interruption
circuit.

An ignition apparatus for an internal combustion en-
gine according to claim 4, wherein

in order to communicate to the signal process-
ing unit the spark-discharge duration time set by the
spark-discharge duration time setting means, while
maintaining the form of a portion of the reference
ignition command signal used to communicate an
ignition timing, the main controller changes the form
of another portion of the reference ignition com-
mand signal in order to include information repre-
senting the spark-discharge duration time; and

the signal processing unit reads the spark-dis-
charge duration time from the reference ignition
command signal output from the main controller
and generates the spark-discharge interruption
command signal on the basis of the spark-dis-
charge duration time.

An ignition apparatus for an internal combustion en-
gine according to claim 4 or 5, wherein
the signal processing unit comprises:

signal processing control means for executing
at least the processing of the spark-discharge
interruption control means and the processing
of the electricity-supply-start timing delay
means;

a first signal path for supplying to the signal
processing control means at least one of the
reference ignition command signals for the re-
spective cylinders output from the main control-
ler; and

a second signal path for supplying to the signal
processing control means a synthesized igni-
tion command signal obtained through synthe-
sis of all the reference ignition command sig-
nals output from the main controller, wherein
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the signal processing control means uses, as a
reference, a time at which the reference ignition
command signal is input from the first signal
path, and outputs ignition command signals for
the respective cylinders in a predetermined se-
quence such that one ignition command signal
is output every time the synthesized ignition
command signal is input from the second signal
path.

An ignition apparatus for an internal combustion en-
gine according to any one of claims 1 to 6, wherein
the internal combustion engine is a gas engine us-
ing a gaseous fuel.
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